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INTRODUCTION 

The Chemistry of 2-0xazolines
1 

The oxazoline ring system contains one double bond 

which can occupy three different positions in the ring (I). 

H2C-CH2 
I \ 

N'/o 
c 
I 

H 

2-oxazoline 

HC-CH2 
II \ 

N'-.. /0 
,...c, 

H H 

3-oxazoline 

HC=CH 
I \ 

HN' /J 
,c, 

H H 

4-oxazoline 

I 

To distinguish the three isomeric structures, a numerical 

prefix is employed. The most common system by far is the 

2-oxazoline isomer. Indeed, very few 3- and 4-oxazoline 

compounds are known (l)o For this reason 2-oxazolines 

are often referred to simply as "oxazolines11• 

The simpler 2-oxazolines are water miscible liquids. 

Members of higher molecular weight, however, are frequently 

low melting solids of low water solubility. The 2-oxazo-

line ring is, in general, stable to heat. 2-Aryl-2-oxazo-

lines can be successfully distilled at temperatures up to 

250° (1). The infrared spectra of 2-oxazoline compounds 

1 
The chemistry of 2-oxazolines has been reviewed 

extensively by Cornforth (1) and by Wiley and Bennett ())o 
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display a band between 5.92 and 6.10 microns (1690 -

1640 cm-1) which is characteristic of the imine group 

(C=N) of the ring (2). 

The 2-oxazolines are ring analogs of imino esters 

�"l"H 
(R-C-OR). They behave chemically, therefore, in a manner 

quite similar to the imino esters. 2-0xazolines are weak 

bases and are soluble in dilute acid. Picrates of the 

2-oxazolines can be prepared and are often used for 

purposes of characterization. A few cases of quaternary 

salt formation have been reported (3). The salts of 

2-oxazolines are readily hydrolyzed in hot dilute acid 

or in boiling water to �-acyloxyamine salts (II). With 

2 

concentrated acid 2-oxazolines may undergo a different 

cleavage reaction (III). For example, 2-phenyl-2-oxazoline 

HCl 

HCl 

0 
II + 

R-C-O-CH2-CH2-NH 3 Cl 

0 
II 

R-C-NH-CH2-CH2-Cl 

II 

III 

on evaporation to dryness with concentrated hydrochloric 

acid gives �-chloroethylbenzamide (4). It is known that 

the ring is hydrolyzed by attack of a water molecule at 

position 11211, while attack of a chloride ion at position 

11 5 11 initiates the transformation to the (1-chloroethyl­

amide (5). With water and chloride ion present in the 

reaction medium, both reactions are possible and a 
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competition between the two, results. A predominance of 

water, as in dilute acid, would thus favor II, while a 

predominance of chloride ion, as in concentrated hydro-

chloric acid, would favor III. Ring cleavage according to 

III may be accomplished also by refluxing a solution of 

a 2-oxazoline compound in an organic solvent which has 

been previously saturated with hydrogen chloride gas. 

Other nucleophilic groups will attack the ring in a 

fashion analogous to the chloride ion. Wehrmeister (6), 

for example, obtained a �-(phenylmercapto)-alkylamide on 
I 

treatment of a 2-alkyl-2-oxazoline with thiophenol(IV). 

2-0xazolines are not cleaved readily in aqueous 

alkali; 65% of a sample of 2-phenyl-2-oxazoline was 

recovered after three hours of boiling in 10% sodium 

IV 

hydroxide (?). The �-hydrogen atoms of an alkyl group 

attached to the 2-oxazoline ring at the "2" position are 

acidic. Wehrmeister (8) demonstrated this acidity by 

condensing benzaldehyde with 4,4-dimethyl-2-ethyl-2-

oxazoline ( V). 

yH3 

�-C-CH3 
. ,cH3-CH2-c, 1 + 

'. O-GH2 

0 

Ph-tH v 
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Based on the limited evidence available, it has been 

concluded that the 2-oxazoline ring is fairly stable to 

oxidizing agents (3). 2-Phenyl-2-oxazoline has been 

successfully converted to 2- (�-nitrophenyl ) -2-oxazoline 

in a nitric acid-sulfuric acid mixture (9). Billman and 

Parker (10) used potassium permanganate to oxidize 4-

methyl-4-hydroxymethyl-2-phenyl-2-oxazoline to the corres-

pending acid without ring cleavage. 

The most commonly employed syntheses of 2-oxazolines 

involve the removal of either water from �-hydroxyalkyl­

amides (VI) or halogen acid from �-haloalkylamides (VII) 

with resultant ring closure. 

� 
R-C-NH-CH2-CH2-0H 

R -��--
y

H2 
+ HX 

0- �� 

Dehydration of �-hydroxyalkylamides (VI) can be 

accomplished by azeotropic removal of water from a 

refluxing solution of the hydroxyamide in benzene or 

VI 

VII 

toluene (11). The more common procedure, however, involves 

the use of a dehydrating agent such as thionyl chloride, 

sulfuric acid, or phosphorus pentoxide. Of these, thionyl 

chloride is the preferred agent. With it, 2-oxazoline 

compounds can be prepared at room temperature, in high 
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yields, and with a minimum of work up effort. In addition 

to these agents, E-toluenesulfonyl chloride, in the pres­

ence of pyridine, has been shown to effect ring closure 

at room temperature and in good yield (12). 

Dehydrohalogenation of �-haloalkylamides (VII) is 

usually carried out by heating the haloamides with sodium 

hydroxide in aqueous ethanol. However, both pure aqueous 

and pure alcoholic media have been employed with a variety 

of bases (1). Since �-haloalkylamides are usually prepared 

from the corresponding �-hydroxyamides, this method is an 

indirect one in many cases. It finds utility in the 

synthesis of 2-oxazolines which can not be readily prepared 

from the corresponding �-hydroxyamides. In addition, the 

products from this method can serve as evi'dence for the 

correctness of the assignment of the 2-oxazoline structure 

to products isolated from the more direct dehydration 

' 

methods. 

Dehydrohalogenation of �-haloamides and dehydration 

of �-hydroxyamides with thionyl chloride, E-toluenesulfo­

nyl chloride and most probably sulfuric acid occur by the 

inversion cyclization mechanism (13). This mechanism 

involves the backside nucleophilic attack of the amide 

carbonyl oxygen at the �-carbon atom with concomitant 

displacement of an anion X {-Cl, -OSOCl, or -o3s-Ph-CH3-E) 

from the �-carbon atom (VIII). Stereochemical studies on 
\

2-aminocyclohexanol derivatives have provided substantial 

evidence for the correctness of this mechanism. The trans 
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R 'c = o 
HN

/ 
I ;cO( �c� 

I 
X 

R 
I 

/c� 
HN: 0 

I l 
�c��� 

X 

-

R 
I .-<c� HN:J I(? ... ...1 ,_ ..... c .... �f' 

Cx 

R 
I 

+�c"-
HN 0 
't ,_ 
-..,--�c .... 

+ x-

6 

VIII 

is omer of 2-benzamidocyclohexanol gives, on treatment with 

thionyl chloride, the cis-2-oxazol ine (IX a). The cis-2-

benzam idocyclohexanol, on the other hand, gives no oxazo-

line because of its inability to assume the conformation 

necessary for react ion to occur (14) (IX b). 

� SOCl2, A I I c--c c--c 
I I I I 

HN HN 
""'-c= o "-c = o 
R/ R/ 

n c-c 
I I 

BN� /0 +�c 
I 
R 

n SOCl2 n 
r gH 

c-c 
I 6SOC1 

HN HN 
· 'c=o 'c =o 

R/ R/ 

Cl 

A I c--c 
I l' 

HN .:\ (o 
�-.P c 

I 
R 

+ so2 

0 I c -- c 
I I 

HN 
'c=o 
� 

IX a 

IX b 
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There are numerous miscellaneous methods by which 

2-oxazolines have been prepared. Gabriel and Neumann (15) 

synthesized a 2-oxazoline by treatment of the iminoester 

of a �-chloroalcohol with sodium hydroxide.. Bockemiihl 

and Knoll (16) condensed an iminoester with a �-hydroxy­

amine to obtain a 2-oxazoline (X). It has been established 

that this reaction proceeds through an intermediate N-(2-

hydroxyalkyl)-amidine (17). Lambert and Kristofferson (18) 

fF 
R-C-OR1 + 

NH 

R-8-NH-CH�CH-OH 

��� ��� 

N-CHR11 
- R-c'l' I 

'- O-CHR" 
X 

treated an amidine with an epoxide to obtain a N-(2-hydroxy­

alkyl)-amidine which was then converted without isolation 

to the 2-oxazoline by heating the reaction mixture (XI). 

CHR1 
<fl 
'-eRR• 

NH 
II 

R-C-NH-CH-CH-OH ---
1 I 

R1 R I 

�lif-CHR I 

R-C I '-O -CHR' 

Heine and Proctor (19) have reported the synthesis 

of 2-(£-ethoxyphenyl)-2-oxazoline by isomerization of 

E-ethoxybenzoylethylenimine with aluminum chloride in 

heptane (XII). Heine et al. (20) described the isomeri-

XI 
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zation of 1-aroyl-2,2-dimethylaziridines to 2-aryl-4,4-

dimethyl-2-oxazolines with sodium iodide in acetone (XIII) 

and to 2-aryl-5,5-dimethyl-2-oxazolines with sulfuric acid 

(XIV). High yields were obtained in both cases. 

Nai 
XIII 

acetone 

XIV 
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The Medicinal Activity of 2-0xazolines 

The widespread occurrence of the atomic sequence XV 

in natural as well as synthetic drugs is well known. Such 

-0-C-C-N� XV 

biologically active compounds as acetylcholine, epineph-

rine, many of their respective analogues, local anesthet-

ics, and antihistamines contain this sequence of atoms 

in their structures. Additionally, the presence of a 

trigonal carbon atom as part of a carbonyl or imine 

function is desirable or necessary for activity in many 

drugs. The 2-oxazoline ring (XVI) contains both the 

atomic sequence XV and a trigonal carbon atom. The pres-

ence of both these functions may well be responsible for 

the numerous and diverse physiological actions which the 

derivatives of 2-oxazoline possess. 

The first medicinally active 2-oxazoline derivatives 

to be reported were synthesized by Engelmann (21) in 1936. 

He prepared a series of 2- (£-alkoxyphenyl) -2-oxazolines 

which possessed appreciable local anesthetic activity. The 

following year Leffler and Adams (9) prepared a series of 
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substituted 2-(aminophenyl)-2-oxazolines which also exhib­

ited local anesthetic properties. The best of these was 

2-(�-aminophenyl)-2-oxazoline which was equally as effec­

tive as procaine and approximately one third as toxic. 

More recently, Guidicelli et al. (22) have reported that 

2-(2,6-dimethylphenylamino)-2-oxazoline (XVII) is somewhat 

stronger than cocaine as a local anesthetic. 

XVII 

2-0xazolines have been shown also to possess anti­

cholinesterase activity (23). 2-Amino-2-oxazoline and 

2-(1-naphthylamino)-2-oxazoline (XVIII) are powerful inhib-

itors of acetylcholinesterase. Even 2-methyl-2-oxazoline 

displayed measurable activity. 

XVIII 

Belleau et al. (24) in their studies on the choliner­

gic receptor, discovered that 5-trimethylammoniummethyl-

2-methyl-2-oxazoline bromide (XIX) possessed potent mus­

·.carinic properties. On guinea pig ileum, this compound 
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elicited a response equal to that of acetylcholine. 

XIX 

2-0xazoline derivatives of chloramphenicol (XX) 

XX 

have been utilized both in the synthesis and the configu­

rational analysis of this antibiotic (25). There are 

reports that 2-oxazoline derivatives of chloramphenicol 

possess medicinal activity themselves. Rocky Nountain 

spotted fever, a rickettsial disease, was clinically 

suppressed by (+)-threo-(2-dichloromethyl)-5-(E-nitro­

phenyl)-4-hydroxymethyl-2-oxazoline (26) (XXI) which has 

the same configuration as the active stereoisomer of dhlor­

amphenicol. The {-)-threo-isomer of XXI was reported to 

XXI 

be 25% as effective as chloramphenicol against a selected 

group of bacteria (27). Doubts that the oxazoline structure 

is the active entity in these and similar experiments have 

been expressed on the basis that the oxazoline ring of 

these compounds readily undergoes hydrolysis which results 
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in the formation of chloramphenicol (25). 

De Benneville and Luskin (28) have reported that 

4,4-dimethyl-2-vinyl-2-oxazoline, 4,4-dimethyl-2-isopro­

penyl-2-oxazoline, and 2-isopropenyl-2-oxazoline-4-spiro­

cyclohexane (XXII) are effective fungicides. 

XXII 

The antithyroid potency in man of 2-mercapto-2-

oxazoline is 75% of that of thiouracil (29). The oxazoline 

compound, however, is slightly less than one tenth as 

active as 1-methyl-2-mercaptoimidazole (methimazole) 

which is currently a widely used antithyroid drug. 

Of considerable interest in recent years have been the 

derivatives of 2-amino-2-oxazolines. Poos et al. (30) 

synthesized a series of 2-amino-5-aryl-2-oxazolines which 

exhibit typical sympathomimetic actions in the rat and 

dog (31). In particular, these compounds are potent 

anorexic agents. One derivative, 2-amino-5- (£-fluoro­

phenyl)-2-oxazoline (XXIII), is four times as potent as 

(+)-amphetamine in appetite suppressant activity. These 

compounds are believed to act indirectly by release of 

endogenous catecholamines (31). 

XXIII 
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N-substituted-2-amino-2-oxazolines such as 2-phenyl­

amino-2-oxazoline and 2-(1-naphthylamino)-2-oxazoline 

(XVIII) have been reported to have vasoconstrictor proper­

ties (32). The latter compound is claimed to be two to 

three times as potent as naphthazoline (2-(1-naphthyl­

methyl)-imidazoline) and less toxic. 

In contrast to the description of 2-amino-2-oxazolines 

thus far is the report by Bloom (33) that 2-(1-naphthyl­

amino)-2-oxazoline (XVIII) is a powerful central nervous 

system depressant. This compound exerted a strong sedative 

action in white mice at a dose of 0.1 mgo/Kg. (34). Later 

patents by Bloom (35) describe numerous N-substituted-2-

a."llino-2-oxazolines which \.Jere found to be tranquilizers 

and potentiators for anesthetics, analgesics and hypnotics. 

Moffett (36) prepared a single oxazoline compound, 

2-(3,4,5-trimethoxyphenyl)-2-oxazoline, in a la.rge series 

of polymethoxyphenyl esters and amides. This oxazoline 

compound exhibited central nervous system depression in 

mice at a dose of 100 mg./Kgo 

Rosnati and Misiti (37) prepared a series of 2-aryl-4-

methyl-4-( carbamoyloA.""ymethyl) -2-oxazolines (XXIV) which 

they report to have muscle relaxant and sedative properties 

combined with low toxicity. 

XXIV 
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RESEARCH AIM 

Antitussive properties are possessed by a variety of 

drugs. In addition to morphine and its derivatives, 

certain sympathomimetics, antispasmodics, antihistamines, 

tranquilizers, ganglionic blocking agents and local 

anesthetics exhibit antitussive activity (38). 

The molecular modification of some members of all 

these pharmacological classes has led to a tremendous 

number of synthetic, non-narcotic antitussive agents with 

wide variation in structure. However, only a few of these 

compounds are more potent than codeine and most, are 

weaker. Moreover, many of these synthetic agents retain 

the undesirable side effects of the prototypes from which 

they were derived. 

The term "antitussiven has been defined (39) as a 

drug which acts to raise the threshold of the cough center 

in the brain, or which acts peripherally in the respiratory 

tract to reduce the number of impulses which pass to the 

cough center. It is quite possible, however, that more 

than a single site of action exists both centrally and 

peripherally. The existence of several receptor sites, 

each with its own structural requirements for an active 

pharmacophoric moiety, is certainly supported by the wide 

variety of structures which have antitussive activity. The 

combination of multiple receptor sites and the diversity 
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of structures among active compounds prevent an accurate 

assessment of what structural features are necessary and/or 

sufficient to elicit an antitussive response. Indeed, 

until more fundamental studies have been carried out on the 

physiological and pathological aspects of the cough reflex 

and until more specific and accurate methods of pharmaco­

logical testing of compounds for antitussive activity are 

developed, well-defined structure-activity relationships 

for each site of action can not be established (38). 

At present, therefore, the design of potential anti­

tussive compounds is not particularly limited by theoret-

ical considerations or structure-activity requirements. 

No reports of the synthesis or biological screening 

of 4-spiro-2-aryl-2-oxazolines (XXV) were found in a 

thorough search of the literature. 

XXV 

Spiro compounds or spirans consist of a bicyclic 

system in which the two rings have one atom in common. 

The respective planes of two rings fused in such a manner 

lie at right angles to one another, and thus spiro com-

pounds have an u nusual molecular shape. 

A number of medicinal compounds contain a spiro func-

tion as part of their structures. Most of these are simple 

modifications of compounds of known activity. Examples 
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are spirobarbiturates (40), spirohydantoins (41) and spiro­

hydrothiazides (42). In recent years, however, a variety 

of potent pharmacological properties have been discovered 

in a large group of aza- and diazaspirans (43) (44) of 

general formula XXVI. Structural variations of XXVI 

include derivatives in which: n = 0, 1, or 2; m = 0 or 1; 

Y and Z =hydrogen or alkyl; X= carbon, oxygen, nitrogen 

or sulfur; R = alkyl, acyl, aralkyl, alkynyl, or amino. 

Certain of these compounds are active as tranquilizers, 

y z 

XXVI 

hypotensives, antineoplastic agents, anti-inflammatory 

agents and local anesthetics. 

In view of the diversity of physiological activities 

generally observed in spiro compounds and in 2-aryl-2-

oxazolines, it seemed reasonable that 4-spiro-2-aryl-2-

oxazolines should possess interesting pharmacological 

properties. 

Two of the most prevalent monocyclic ring systems 

found in antitussive drugs are the cyclopentane and N­

alkylpiperidine systems. Several synthetic non-narcotic 

antitussives contain the cyclopentane ring. Two of the 

earliest discovered agents, caramiphen (XXVII a) and 

carbetapentane (XXVII b) are both derivatives of 
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1-phenylcyclopentane-1-carboxylic acid. Antitussive 

XXVII 

activity has been reported (45) for a series of compounds 

of general formula XXVIII. Derivatives in which n was 

zero or one and R was diethylamine, piperidine, or morpho­

line were among the most potent members. Ellis et al. (46) 

XXVIII 

prepared and tested for antitussive activity a large number 

of derivatives of 1-hydroxycyclopentane-1-carboxylic acid 

and 1-aminocyclopentane-1-carboxylic acid. The most potent 

and least toxic of these compounds was ethyl 1-(2-piperi­

dinopropionoxy)cyclopentane-1-carboxylate (XXIX) which 

was half as strong as codeine. 

XXIX 
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The N-alkylpiperidine ring is found in numerous 

synthetic narcotic compounds which possess antitussive 

properties. Meperidine (XXX) is a classic example. 

XXX 

18 

N-alkyl-4-hydroxypiperidine esters of' both phenothiazine-

10-carboxylic acid and alkoxydiphenylacetic acids (XXXI) 

also exhibit antitussive activity (47). Compounds oi' the 

0::X) 
boo-GN-R XXXI 

R = alkyl R = R1 = alkyl 

general structure XXXII in which R is alkyl, aralkyl, 

phenoxyalkyl, or alkoxyalkyl and R1 is acyl or carbamoyl 

are reported to have potent antitussive properties (48). 

XXXII 

On the basis of' this evidence, it was felt that the 

combination in a spiro bicyclic structure of' the 2-oxazoline 
\ 

system with the cyclopentane and N-methylpiperidine systems 
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respectively, might afford compounds having a ntitussive 

activity. 

Thus the aim of this research was the synthesis of 

two series of 4-spiro-2-aryl-2-oxazolines (XXXIII) in 

which X is: -H, -Cl, -CH31 -N02, -OC2H5, or -N(CH3)2• 

19 

XXXIII 
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DISCUSSION 

The synthesis of the series of 2-aryl-2-oxazoline-4-

spirocyclopentanes was accomplished by the sequence of 

reactions outlined in XXXIV (page 21). The £-phenyl 

substituents used in this series were selected on the basis 

of their electron-donating or -withdrawing abilities in 

order to have all degrees of electronic influence repre­

sented. In many cases the use of substituents selected on 

this basis permits the determination of the direction and 

degree of influence which electron distribution may have 

on the biological activity of a particular structure. 

The dimethylamino group was chosen also for another 

reason. The presence of an additional functional group 

in a molecule often leads to preparative difficulties not 

encountered in the parent compound. It was felt that the 

experience gained in preparing this derivative would be of 

value in the synthesis of the 1-methylpiperidine series of 

spirooxazolines since both contain a tertiary amino group. 

In XXXIV the hydantoin (B), the amino acid (C), and 

the amino ester (D) are known compounds and were prepared 

according to known procedures. To minimize the possibility 

of cleavage of the amide bond, the amido acids (E) were 

esterified at room temperature by treatment with a mixture 
'
-of 2,2-dimethoxypropane (acetone dimethyl ketal), methanol 

and concentrated hydrochloric acid. The ketal functions 
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as a water scavenger; its reaction with water is illus-

tra ted in XXXV. 

+ 
H 

22 

+ + XXXV 

The amido ester (F) was prepared from both the amino 

ester (D) and the amido acid (E) only in the case of the 

phenyl and E-ethoxyphenyl derivatives. With both deriva­

tives the identity of the products from the respective 

starting materials was established by determination of 

mixture melting points and comparison of their infrared 

spectra. With the exception of the E-dimethylamino deriva­

tive, the remainder of the amido esters (F) were prepared 

exclusively from the respective amido acids (E). 

The synthesis of the £-dimethylaminobenzamido ester 

(F) was first attempted by preparation of a mixed carbonic 

anhydride of E-dimethylaminobenzoic acid (XXXVI) and subse­

quent treatment of this product with 1-amino-1-carbo­

methoxycyclopentane (D) (XXXVII). The several attempts to 

XXXVI 0 0 011 11_ 
Cl-COOEt --- (CH3)2N C-0-C-OEt 

+ I\;NH2 

L_l\coOCHJ -

XXXVII 

+ EtOH 
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prepare the amido ester (F) by this procedure failed. In 

each case, hoVTever, there was isolated a solid compound 

which was shown to be a E-dimethylaminobenzoic-carbonic 

anhydride. The structural assignment for this compound was 

based on its physical properties, infrared spectrum and 

elemental analysis. The infrared spectrum was particularly 

valuable in the establishment of the structure of this 

compound. The spectrum possessed carbonyl peaks at 5.55 

and 5.77 microns (1802 and 1733 cm-1
) the presence and 

separation of which are characteristic of an anhydride 

structure (49). Any contribution of the cyclopentane 

compound to the structure of the anhydride was eliminated 

from consideration by the isolation of the anhydride from 

the reaction mixture before the cyclopentane amino ester 

was added. Upon addition of a few drops of concentrated 

hydrochloric acid to a pure sample of the anhydride com-

pound on a watch glass there occurred an immediate and 

vigorous evolution of gas. From the residue E-dimethylami­

nobenzoic acid was isolated. Although no special effort 

was made to identify the gas, it is reasonable to assume 

that it was carbon dioxide. The reaction is given in ·XXXVIII. 

XXXVIII 

It should be noted that in a successful synthesis 

involving a mixed anhydride the addition of the amine to 
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the anhydride is followed by evolution of carbon dioxide. 

No evolution of gas was observed in any of the attempts 

made in the present work. The situation appears to be, 

then, a case of the successful formation of the mixed 

carbonic anhydride and the subsequent failure of the 

anhydride to react with the cyclopentane amino ester. 

Although mixed carbonic anhydrides were originally 

thought to be too unstable to exist at room temperature, 

some of these compounds, particularly substituted benzoic 

acid derivatives, have been demonstrated to be quite 

stable (49). Moreover, electron-donating groups on the 

phenyl ring of these anhydrides stabilize them to nucleo-

philic attack. Thus the failure of the E-dimethylamino-

benzoic carbonic anhydride to react with the cyclopentane 

amino ester can be explained, at least partially, on the 

basis of the stability induced in the structure by the 

electron-donating dimethylamino group. 

1- (£-Dimethylaminobenzamido)-1-carbomethoxycyclopen­

tane was successfully prepared by the use of dicyclohexyl­

carbodiimide to couple E-dimethylaminobenzoic acid with 

1-amino-1-carbomethoxycyclopentane. The reaction is illus-

trated in XXXIX. 

IVNH2 + 

UcoocH3 
XXXIX 
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Lithium borohydride, an agent which will selectively 

reduce an ester function in the presence of an amide bond, 

was employed to reduce all the amido esters (F) to the 

corresponding amido alcohols (G). Because solid lithium 

borohydride is difficult to store and is readily decom-

posed by moisture, it was produced in situ from potassium 

borohydride and lithium chloride. The success of the 

reductions in each case lvas ascertained by examination of 

the infrared spectra. All the spectra were essentially 

void of absorption in the ester carbonyl region, but each 

possessed a peak corresponding to the alcoholic OH group. 

A typical spectrum is reproduced on page 26. 

�-Acylaminoalkanols are known to undergo nitrogen to 

oxygen acyl migration in an acid medium to give the corres­

ponding �-acyloxyalkylamine salts. Moreover, �-acyloxy­

alkylamine salts when placed in an alkaline medium 

rearrange by oxygen to nitrogen acyl migration to �-acyl­

aminoalkanols. These reactions are illustrated in XL. 

HCl 
XL 

NaOH 

The assignment of an amido alcohol structure to a compound 

can be verified by the demonstration of that compound's 

ability to undergo nitrogen to oxygen acyl migration and 
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by the subsequent conversion of the migration product to 

the original compound by oxygen to nitrogen acyl migration. 

Such a test of structure was performed on each of the 

amido alcohols (G) in this series. The conversions are 

illustrated in XLI. The structure of each 1-amino-1-

0 
II D<NH-C-Ar 

_
H
_

C
_

l
_ 

CH20H 

XLI 

+ -D<NH3 Cl 

CH2-0-C-Ar 
II 
0 

NaOH 

0 
II D<NH-C-Ar 

CH20H 

cyclopentylmethyl £-substituted benzoate hydrochloride was 

established by examination of its infrared spectrum and by 

its elemental analysis. A sample of each hydrochloride 

was treated with dilute sodium hydroxide to afford a com­

pound whose identity with the original amido alcohol (G) 

was established by determination of the melting point of 

a mixture of the two compounds and by comparison of their 

infrared spectra. 

The mechanisms of these two rearrangements have been 

the object of numerous researches. Stereochemical studies 

(50) have established the mechanism which is operative in 

most nitrogen to oxygen acyl migration reactions. This 

mechanism, which is outlined in XLII, involves retention 

0:-... ,..R 
""c .......... . HO NH 

_I 1 ... 
_ c--c .... 

1 2 

HCl 

HO....._ ,..R 
/c........_ 

HO+ NH 
,I I _ 

_c---c_ 
1 2 

XLII 

0 R 
�c"' 

/ + -
0 NH3Cl 

- ,1 '-_c---c .... 
1 2 
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of configuration at carbons 1 and 2. The mechanism for 
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oxygen to nitrogen acyl migration (51), which is the 

reverse of that for nitrogen to oxygen acyl migration, is 

illustrated in XLIII. 

R 

"c = o 
0� +NHJCl- NaOH 

... 1 1 ... 
,.c- c ... 

R 

"c = 0 
0� NH 

I I 
2 

'c-c .... ,. ' 

XLIII 

All the oxazolines (H) were obtained in good yield and 

in relatively pure form by treatment of the corresponding 
# 

amido alcohols (G) with thionyl chloride. The mechanism of 

this reaction is discussed on page 5. The preparation of 

the unsubstituted oxazoline ( X= -H) was attempted origi­

nally by treatment of the amido alcohol (G) with £-toluene­

sulfonyl chloride in pyridine. Every attempt produced only 

a small amount of the oxazoline, however, and this method 

was not tried with the other derivatives. The small quanti­

ty of 2-phenyl-2-oxazoline-4-spirocyclopentane hydrochlo-

ride isolated from this reaction was shown to be identical 

with that obtained from the thionyl chloride reaction by 

determination of the melting point of a mixture of the two 

products and by comparison of their infrared spectra. 

It was mentioned previously ( page 2) that 2-oxazolines 
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may be cleaved to the corresponding �-chloroamides by 

heating them in an organic solvent which has been previous­

ly saturated with hydrogen chloride gas. It was also men­

tioned that 2-oxazolines may be prepared by heatin g �­

chloroamides in an alkaline medium (page 5). These reac­

tions are illustrated in XLIV. It should be noted that 

XLIV 

NaOH 

the mechanism for the cleavage of the oxazoline ring with 

hydrogen chloride is the reverse of the mechanism which 

is operative in the formation of the oxazoline ring from 

either an amido alcohol with thionyl chloride or a �­

chloroamide with alkali. 

The interconvertibility of the 2-oxazolines and 

�-chloroamides was utilized to verify the 2-oxazoline 

structure of the products obtained from the thionyl chlo-

ride reactions just as the relationship between the amido 

alcohols and the �-acyloxyalkylamine hydrochlorides was 

used to obtain further proof for the structure of the amido 

alcohols. 

Samples of all the 2-oxazolines with the exception of 

the E-dimethylamino derivative were converted to the 

corresponding �-chloroamides by refluxing a solution of 

each in dioxane which had been previously saturated with 
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hydrogen chloride gas. The �-chloroamide structure was 

assigned to the conversion products on the basis of nitro­

gen analyses, infrared spectra, and physical properties. 

These compounds are insoluble in water, dilute acid and 

dilute base, but are soluble in ether. They give a posi­

tive halide test with alcoholic silver nitrate only when 

heated over a flame for 5 to 10 min. They all possess in 

their infrared spectra an amide carbonyl peak and a peak 

corresponding to an amide NH group. A typical spectrum 

is reproduced on page 31. 

With the exception of the E-nitro derivative of which 

sufficient material was not available a sample of each 

chloroamide (X = -H, -Cl, -CH3, or -OEt) was converted to 

the corresponding oxazoline by heating it in an alkaline 

medium for 3 min. The products so obtained were demon­

strated to be identical with the products isolated from 

the thionyl chloride reactions by determination of mixture 

melting points and comparison of infrared spectra. 

These 2-oxazoline compounds are insoluble in dilute 

base but are soluble in dilute acid. They can be alter­

nately precipitated and redissolved by adjustment of .the 

pH. 2-0xazolines in general will hydrolyze to the corres­

ponding �acyloxyalkylamine salts in dilute acid. The 

mechanism of this hydrolysis (XLV) involves the attack of 

a water molecule at position "2" of the ring and subse-

quent ring opening (5) (52). 

Of the members of this series, the E-nitro derivative 

was the most susceptible to acid hydrolysis. In fact, the 
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stability of this series of compounds to acid hydrolysis 

XLV 

was observed, in general, to increase as the electron-

donating ability of the E.-substituent increased. However, 

it should be emphasized that this correlation is based on 

gross observations and not on kinetic data. 

An infrared spectrum which is typical of those of the 

2-oxazoline compounds of this series is reproduced on 

page 33o The infrared spectrum of the corresponding 2-

oxazoline hydrochloride is reproduced on page 34. The 

principal features of both spectra are the presence of an 

absorption band near 6.1 microns (1640 cm
-1

) and the 

absence of any absorption bands in the alcoholic OH and 

amide NH region (2.5 to 3.25 microns). The band near 

6.1 microns corresponds to the imine group (C=N) (2) of 

the oxazoline ring and in this series varies betvreen 6.06 

and 6.12 microns for the oxazolines and between 6.06 and 

6.17 microns for the oxazoline hydrochlorides. The slight 

absorption present at 2.9 microns is due to the small 

amount of water in the potassium bromide powder from 



www.manaraa.com

I 
4000 3000 2000 1500 

'I I ' I I I ' I 
0.0 tll._ r' Jt I ! I �--- .. 

r · 1 ' ' ·j · · t. i�t ; : :  - _ ·  

CM"1 1000 900 
I I 

·aoo 700 
_1 

. .. . , ... '!''" 0 0 . .. . �:: . �;I • •• j .  

' r . ' . ;1 �: ; I ; : : ; I [li j 11 

: 1-== �-- "" -- ·· .... ·-
· 

- _ _ i 'i · rm mlO t•m=iftt121illt0Guus�· ._._:-I I I - , . '- .. : 1 lli· i· 1 r 1 >+ . · .. .  : : 1.1 • . . + 
W l.jJIIL::l t'lio#1m:±J+H:.b.tr !:'i t!::·t.._ -� : � , . . 1 1 ! · I ill f . . U 20 j' 1 I I 1 1 : I · I : ·u· 1:1 : I ; ! ; I 1 ' ' ! ; lli..;+ :..J.-:.-+ 1 '-L 

'I 
I ... 40 

Z • . I i i I ; I 1 • ' I ' · , : : -f i'hj 1 : : j · ' : i 
1 .. ,. . ! . 

< ��· � I !:i..:L!I:i:! ���:_ : , .. :: . ..1 ·-++, u· . ···- ' ·-�·:.. . , , . . . . . . . 1.... . 
"' 'li• ". . . . . , . "I • . . " , ' ; . . . . . • ' • - l . . ·

, I' I· 0 

0::30 :,lj " iili ;ili " ' " jl � l :. ,, : .: : .. - ' .. t · . · · · ·· · t : :!. . . .• · ..1 . .
• 5 

0. 
· ii · tl •1 ;:!! •lti :J:i: . : . , t·U ' ' ;..). .. �--- . . . . . ... :.:: - f --..1 : . .  ·j 

60 

11•:u1 , . , • • , · • • • ··' · ! - ' ' 'J: :· ---· . :. :.: .. .... :.: . I · : 

"'401i ' , ' · '•·· ·: 'li''' r.'T;,' ot, " ' ''' •··•··. . . . . .  � I , . , " .70 �:�sw'H' .\ \ :: . [. �m;��·J :�� ;�:: :<.:::��:': . . :�� �� :: . .  , ·�·

· 

�··· ···l· · 0 
3 5 6 4 7 8 9 10 

1 0 , . j :··· ·= . '"W,c,, ,,, ·. "' �. . ""' 
15 

. � : .. ::::: :1 : ;  : : ;d:i.>: . . :.:I. "-:d"' .. I = 11 12 13 14 
WAVELENGTH (MICRONS) 

0< N=c
,
Ocl 

CH2-o 

I..J I..J 



www.manaraa.com

I 

4000 3000 2000 

. 10 

i+ 

f� 

1500 
I I I 

�� =� . 

�-t.-1� 

CM·1 1000 
I 

900 800 

+ 

h-±r�H7·mt� 
-·=� 

-��T-�· 

700 

--·It I;-

0.0 

.10 

.20 

.50 

.60 

.70 

1.0 

00 00 

3 4 5 6 7 8 9 10 11 12 13 14 15 

WAVELENGTH (MICRONS) 

H 
\+ 

CI-

O

N•C9CI 

CH2-0 
w 
.p-



www.manaraa.com

35 

which the compressed pellets of the samples to be analyzed 

are prepared. The absence of absorption between 2.5 and 

3.25 microns is of major significance in the differentia­

tion of the oxazoline structure from either the amido 

alcohol or the @-chloroamide structures both of whose 

infrared spectra ( pages 26 and 31 respectively) possess 

absorption peaks in this region. In addition to the 

imine band, the infrared spectra of the oxazoline hydro­

chlorides display a broad absorption band between 3.7 

and 4.35 microns (2700 and 2300 cm-1) corresponding to 
+ 

the nammonium" band of the C=NH group (2). 

A proton magnetic resonance spectrum (p.m.r.) of 

2-(£-ethoxyphenyl)-2-oxazoline-4-spirocyclopentane is 

reproduced on page 36. For each absorption band there is 

indicated on the spectrum the particular portion of the 

molecule responsible for the presence of that band. The 

areas under the absorption peaks are integrated, and their 

values are represented by a smooth line which is superim­

posed on the spectrum. The amount of increase in the 

height of this integration curve at a given absorption 

band is proportional to the number of protons which are in 

resonance at that particular tau (7) value. The number of 

aromatic protons in 2-(E-ethoxyphenyl)-2-oxazoline-4-spiro­

cyclopentane is known to be 4. By correlation of this 

fact with the height rise of the integration curve in the 

· aromatic portion of the spectrum, the exact number of pro-
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tons represented in each of the peaks of the spectrum can 

be calculated. Thus, there were found to be a total of 

4 "etheric" protons and a total of 11 "alkyl" protons. 

The "etheric" group is composed of 2 protons of the 

oxazoline ring and 2 protons of the E-ethoxy group. The 

11alkyl" group is composed of 8 protons of the cyclopentane 

ring and 3 protons of the E-ethoxy group. Thus the 

2-oxazoline structure of this compound is confirmed by its 

proton magnetic resonance spectrum. 

The sequence of steps for the synthesis of the series 

of 11-methyl-2-aryl-2-oxazoline-4-spiro-41-piperidines is 

given in XLVI. The limitations of time restricted the 

syntheses in this series to two members, but it is felt 

that the feasibility of the synthetic route taken in this 

series is amply demonstrated. 

In XLVI the amino acid (C), which has not been reported 

in the literature, was prepared both by acidic (H2S04) and 

alkaline (Ba(OH)2) hydrolysis of the hydantoin (B). The 

products obtained from these two methods were shown to be 

the same by comparison of their infrared spectra. 

The isolation of the amino acid from the acid hydro­

lysate proved to be difficult. No precipitation of amino 

acid sulfate occurred ( as it had with the cyclopentane 

amino acid) upon cooling the reaction mixture to room 

temperature. The pH of a sample of the hydrolysate was 

adjusted with concentrated ammonium hydroxide consecutively 

to values of 5, 6, 6.5, 7,  7 .5, 8, 8.5, 9, and 10. The 
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solution was refrigerated several hours at each value, but 

precipitation did not occur at any value. The isolation 

of the amino acid details of which are given on page 87 

was accomplished by treatment of the acid hydrolysate with 

barium hydroxide, filtration of this suspension, treatment 

of the filtrate as needed with dilute solutions of barium 

hydroxide and sulfuric acid to remove completely both 

barium and sulfate ions, and evaporation of the filtrate 

to dryness under reduced pressure. The quantity of barium 

sulfate produced, the large volume of liquid handled, the 

numerous filtrations required, and the difficulty in 

removing completely both barium and sulfate ions from the 

solution made this procedure a long and tedious one. 

However, the high yield and purity of the amino acid 

obtained outweigh these disadvantages. 

For preparation of larger quantities of the amino 

acid, the acid hydrolysis was preferred to the alkaline 

hydrolysis with barium hydroxide. Although the time of 

reaction was shorter, the yield slightly greater, and the 

work up procedure essentially the same in the alkaline 

hydrolysis, the acid hydrolysis was much more easily set up 

and required less attention during the reaction period. 

The amino alcohol (E) was obtained by the reduction 

of the amino ester (D) with lithium borohydride. A compli­

cation not evident in the cyclopentane series was encoun­

tered in this reduction. The reduction of an ester with 

a borohydride results in the formation of a complex of 
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the alcohol which is produced and the boron containing 

radical remaining after the reduction. In the cyclopen­

tane series this complex was broken up by water which was 

added after the reaction mixture had cooled to room tem-

perature. When the same procedure was followed in the 

reduction of the 1-methylpiperidine amino ester (D), 

instead of the expected amino alcohol there was isolated 

a material which was assumed to be the reduction complex 

or a related structure on the basis of its wide melting 

range and its infrared spectrun1. The infrared spectrum 

possessed a peak between 4.15 and 4.40 microns (2410 and 

2273 cm-1),an area in which a BH group but very few other 

groups absorb radiation. A second peak corresponding to 

either a B-0 or B-N structure was present between 8.4 and 

8.6 microns (1190 and 1163 cm
-1

). The actual structure of 

this isolated complex is a matter of conjecture and may 

become the subject of future studies. 

To decompose this complex a solution of the material 

in 10% hydrochloric acid was heated near boiling for 30 

min., cooled, made alkaline, and extracted with tetrahydro­

furan. The infrared spectrum of the material so obtained 

possessed essentially no absorption between 4.15 and 4.40 

microns or between 8.4 and 8.6 microns. The melting range 

of the material had narrowed to 145-146.5°. 

The same problem of a stable complex was encountered 

'in the reduction of 4-benzamido-4-carbomethoxy-1-methyl­

piperidine (F) to the corresponding alcohol (G). In this 

case, as well as in subsequent reductions of 4-amino-4-
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carbomethoxy-1-methylpiperidine, the complex was decom­

posed by acidifying and heating the reaction mixture prior 

to isolation of the product. 

The preparation of 4-benzamido-4-carbomethoxy-1-

methylpiperidine (F) was originally attempted by benzoyla­

tion of the amino ester (D) under Schotten-Baumann condi­

tions. The white solid, which began to precipitate 

immediately upon addition of the benzoyl chloride and 

which was collected in sizable quantity at the end of the 

reaction, was found to be, not the expected product, but 

benzoic anhydride. Physical properties, the infrared 

spectrum, and other data ( page 92) verify this structure 

assignment. Several modified procedures were tried in an 

effort to prevent the formation of the benzoic anhydride. 

but none was successful. In one experiment freshly dis­

tilled E-methylbenzoyl chloride was used in place of 

benzoyl chloride. The material which was isolated in 

good yield was identified as E-methylbenzoic anhydride on 

the basis of its melting point and infrared spectrma. This 

method was not pursued further, and no explanation can be 

offered for the formation of the anhydride in apparent 

preference to the amide. 

The preparation of 4-benzamido-4-carbomethoxy-1-

methylpiperidine (F) was accomplished by benzoylation of 

the amino ester (D) in dichloromethane with triethylamine 

·. as the base. Reduction of this amido ester (F) with 

lithium borohydride afforded the corresponding amido 
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alcohol (Gin which X= -H). This compound was prepared 

also by the benzoylation of the amino alcohol (E). The 

identity of these two products was established by the 

determination of a mixture melting point and by compari­

son of their infrared spectra. The £-methyl amido alcohol 

(G in which X = -CH
3) was prepared only by acylation of 

the amino alcohol (E). 

Both oxazolines (H) were prepared by treatment of the 

corresponding amido alcohols (G) with thionyl chloride. The 

infrared spectrum of each compound displays the characteris­

tic imine peak. 
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EXPERIMENTAL 

General 

All melting points were obtained with a Thomas-Hoover 

capillary melting point apparatus. They are uncorrected. 

The elemental analyses denoted by a "T" were done by 

Triangle Chemical Laboratories, Chapel Hill, North Carolina. 

Those analyses designated by a 11M" were done by Micro-Tech 

Laboratories, Skokie, Illinois. All other analyses were 

done at the Medical College of Virginia vii th a Coleman 

model 33 carbon-hydrogen analyzer and a Coleman model 29 

nitrogen analyzero 

All infrared spectra were obtained with a Perkin-Elmer 

model 137 Infracord spectrophotometer. Unless otherwise 

stated, all samples were examined in the form of potassium 

bromide pellets. 

The proton magnetic resonance spectrum of 2- (�-ethoxy­

phenyl ) -2-oxazoline-Lt-spirocyclopentane was obtained with 

a Varian Associates model A 60 NMR Spectrometer through the 

courtesy of A. H. Robins Company, Richmond, Virginia. 
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Preparation of the 

Cyclopentane Series of 4-Spiro-2-aryl-2-oxazolines 

Common Intermediates 

Hydantoin-5-spirocyclopentane (l,J-diazaspiro(4.4)­

nonane-2,4-dione). The following procedure is a modifica­

tion of the method described by Hanze and Speer (53). 

Forty-two grams (0.5 m.) of cyclopentanone, 144 g. (1.5 m.) 

of ammonium carbonate and 65 g. (1.0 m.) of potassium 

cyanide were dissolved in 1250 ml. of 5o% ethanol. This 

solution was placed in a two liter round-bottomed flask 

equipped with a magnetic stirrer and an air condenser. 

The reaction mixture was stirred at a temperature of 60-

650 for 3 hrs. It was permitted to evaporate to approxi­

mately one half its volume and then was refrigerated for 

12 hrs. The solid which precipitated was collected on a 

Buchner funnel, washed well with water, and recrystallized 

from 95% ethanol. The yield of pure material melting at 

204-205° (lit. 204-205° (53)) was 64 g. (83%). 

1-Aminocyclopentane-1-carboxylic Acid. The procedure 

of Goodson et al. (54) for the preparation of amino acids 

from hydantoins was followed with some modification. A 

solution of 62 g. (0.�. m.) of hydantoin-5-spirocyclopen­

tane in 120 g. of sulfuric acid (1.2 m.) and 80 ml. of wa­

ter was put in a 500 ml. round-bottomed flask which was 
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fitted with a water condenser and a magnetic stirrer. The 

solution was refluxed for 72 hrs. When the dark solution 

cooled to room temperature, the amino acid sulfate preci­

pitated and was collected on a sintered glass funnel. The 

solid was dissolved in 125 ml. of water, and the resulting 

solution was decolorized with charcoal, filtered and ad­

justed to pH 6 with concentrated ammonium hydroxide. White 

crystals of the free amino acid precipitated from the warm 

solution, and further precipitation occurred on cooling. 

The acid filtrate from the original hydrolysis mixture was 

refrigerated overnight, and the amino acid sulfate which 

precipitated was treated in the manner described. After 

recrystallization from 75� ethanol, there was obtained a 

combined yield of �-1 g. (79%) of product. The pure materi­

al, after 2 hrs. in an oven at 110°, melted at 332-333°dec. 

(lit. 328-329° dec. (55)). 

1-Amino-1-carbomethoxycyclopentane Hydrochloride. The 

method employed is a modification of the procedure describ­

ed by Conners and Ross (55). A suspension of 13 g. (0.1 m.) 

of 1-aminocyclopentane-1-carboxylic acid in 300 ml. of 

methanol was placed in a three-necked, 500 ml. round-bot­

tomed flask equipped with a magnetic stirrer and a reflux 

condenser. The condenser was fitted with a calcium chlo­

ride drying tube to exclude moisture from the reaction. 

The flask was cooled in an ice bath while the suspension 

was saturated with hydrogen chloride gas. The reaction 
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mixture was then refluxed for 5 hrs. After 3 hrs., 25 ml. 

of 2,2-dimethoxypropane was added to the solution. At the 

end of the reflux period, the solution was evaporated under 

reduced pressure, and the thick oil which remained solidi­

fied upon addition of an acetone-ether mixture. After 

recrystallization from acetone-ethanol, 17 g. (94%) of 

product was obtained. The pure material melted at 205-

2070 (lit. 207-208° (55)). 

p-Substituted Benzoyl Chlorides. The £-substituted 

benzoic acid (0.33 m.) was placed in a 300 ml. round-bot­

tomed flask equipped with a magnetic stirrer and a reflux 

condenser. A calcium chloride drying tube was attached 

to the condenser to exclude moisture from the reaction. 

Thionyl chloride (90 ml.) was added, and the mixture was 

refluxed until all the acid had dissolved and for one 

additional hour ( a total of about 4 hrs.). The thionyl 

chloride was removed under vacuum, and 30 ml. of benzene 

was added and removed under vacuum to free the reaction 

mixture of the last traces of thionyl chloride. The resi­

due was distilled under reduced pressure to give the .pure 

acid chloride. 
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2-Phenyl-2-oxazoline-4-spirocyclopentane 

1-Benzamidocyclopentane-1-carboxylic Acid. The proce­

dure followed is that described by Steiger (56) for the 

acylation of amino acids. To a one liter, three-necked 

round-bottomed flask equipped with a mechanical stirrer 

were added 43 g. (0.33 m.) of 1-aminocyclopentane-1-carbox­

ylic acid and 165 ml. of 2 N sodium hydroxide. The flask 

was placed in an ice bath, and the solution was stirred 

vigorously while 40 ml. of benzoyl chloride and 165 ml. 

of 2 N sodium hydroxide were added from separate dropping 

funnels over a two hour period. The reaction mixture was 

stirred for two additional hours after all the reactants 

had been added. The solution was made acidic with 5 N 

hydrochloric acid, and the resulting precipitate was col­

lected on a BUchner funnel. Recrystallization from 75� 

ethanol afforded 48 g. (62�) of product melting at 214-

2150 (lit. 214-215° (55)). 

1-Benzamido-1-carbomethoxycyclopentane. Method I. The 

method employed is a modification of a proced1�e described 

by Loretto et al. (57) for the preparation of methyl esters 

utilizing 2,2-dimethoxypropane. Sixteen grams (Oo07 m.) 

.of 1-benzamidocyclopentane-1-carboxylic acid was dissolved 

in a mixture of 20 ml. of methanol, 50 ml. of 2,2-dimethoxy­

propane and 2 ml. of concentrated hydrochloric acid. The 

m-.txture was stirred for 30 hrs. at room temperature. The 
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reddish-brown solution was then evaporated to dryness. The 

residue was washed with dilute sodium hydroxide solution to 

remove unreacted acid, and then it was washed with ligroin 

to remove the color. Recrystallization from benzene-lig­

roin afforded 14 g. (83%) of product melting at 121.5-123°. 

The infrared spectrum shows the follm-Ting absorption peaks: 

ester carbonyl: 5.77 microns (1733 cm-1); amide carbonyl: 

6.14 microns (1629 cm-1); and amide NH: 2.96 microns 

(3378 cm-1). 

Analysis: 

Calcd. for C14H17N03: 

Found: 

C: 68.01% H: 6.88% N: 5.66% 

68.11 7.18 5.39 

Method II. To a 125 ml. Erlenmeyer flask equipped 

with a magnetic stirrer was added a solution of 9 g. 

(0.05 m.) of 1-amino-1-carbomethoxycyclopentane hydrochlo­

ride in 40 ml. of pyridine. Benzoyl chloride (7.0 g.) was 

added in portions to the stirred solution which was then 

heated to 100° for 20 min. After cooling to room tempera­

ture, the solution was diluted with 50 mL of water and 

extracted with ether several times. The ether extracts 

were combined and washed successively with dilute hydro­

chloric acid and water. After drying over anhydrous sodium 

sulfate, the ether was evaporated leaving a residue of 

yellow solid. Recrystallization from ligroin afforded 7 g. 

(56%) of product melting at 121.5-123°. The identity of 

this compound with that from Hethod I was established by 

comparison of the infrared spectra (identical) and by a 
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mixture melting point ( no depression) . 

1-Benzamido-1-hydroxymethylcyclopentane. In a 300 ml. 

round-bottomed flask equipped with a magnetic stirrer were 

placed 100 ml. of tetrahydrofuran and 2.2 g. (0.04 m. ) of 

potassium borohydride. The flask was fitted with a reflux 

condenser which was equipped with a calcium chloride 

drying tube to exclude moisture from the reaction. The 

suspension was stirred at room temperature for 30 min. be­

fore 2.4 g. (0.055 m. ) of anhydrous lithium chloride was 

addedo The mixture was stirred for 8 hrs. at room tem­

perature. A solution of 1 0  g. (Oo04 m. ) of 1-benzamido-1-

carbomethoxycyclopentane in 25 ml. of tetrahydrofuran was 

added to the reaction mixture which was then refluxed for 

10 hrs. After the mixture had cooled to room temperature, 

25 ml. of water was added in portions to decompose the 

reduction complex and excess reducing agent. Upon addi­

tion of the water a two phase system formedo Stirring was 

continued for several hours until evolution of hydrogen 

was no longer evident. The tetrahydrofuran layer was 

removed in a separatory funnel, and the aqueous layer was 

extracted several times with tetrahydrofuran. The extracts 

and the original layer were combined, dried over anhydrous 

sodium sulfate, filtered, and evaporated to dryness in a 

current of air. After recrystallization from benzene-

o 
ligroin, 7.3 g. (83�) of a white solid melting at 119-121 

was obtained. The infrared spectrum clearly demonstrates 

that reduction of the ester occurred. Whereas the amide 
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carbonyl band is present at 6.14 microns (1629 cm-1), there 

is no band corresponding to an ester carbonyl function. 

Absorption peaks at 2.96 and 3.04 microns (3378 and 3289 
-1 em ) correspond to the NH and OH groups. 

Analysis: 

Calcd. for C13H17N02: 

Found: 

C: 71.23� H: 7.76% N: 6.39% 

71.18 7.96 6.42 

1-Amino-1-cyclopentylmeth;yl Benzoate Hydrochloride by 

N - 0 Acyl Migration. A solution of 1-benzamido-1-hydroxy­

methylcyclopentane ( 1.0 g.) in 50 ml. of chloroform was 

saturated with hydrogen chloride gas and permitted to 

stand at room temperature in a stoppered flask for 24 hrs. 

Upon evaporation of the chloroform, there remained a solid 

which was washed with ether to remove any starting material 

present. Recrystallization of the crude material from 

acetone-ethanol afforded 0.88 g. (70%) of a water soluble 

compound which melted at 230.S-231.5° dec. The infrared 

spectrum supports the occurrence of nitrogen to oxygen acyl 

rr�gration. Stron� absorption due to the ammonium group is 

present in the region between 3.1 and 4.0 microns (3226 

and 2500 cm-1); a peak at 5.80 microns (1724 cm-1) corres-

ponding to an ester carbonyl group is also evident; no 

absorption occurs in the region corresponding to an amide 

carbonyl group. 

,Analysis: 

C: 61.06% H: 7.04% N: 5.48� 

Found: 60.93 
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1-Benzamido-1-hydroxymethylcyclopentane by 0 - N Acyl 

Migration. A solution of 0.5 g. of 1-amino-1-cyclopentyl­

methyl benzoate hydrochloride in 10 ml. of water was made 

distinctly alkaline with 1 N sodium hydroxide. The solu­

tion became cloudy immediately, and after 30 sec. a solid 

began to form. The solution was refrigerated for 1 hr. and 

then filtered. The solid which was collected was recrys­

tallized from benzene-ligroin to give a pure compound 

melting at 119-120°. The identity of this material with 

authentic 1-benzamido-1-hydroxymethylcyclopentane ( page 

49) was confirmed by comparison of the infrared spectra 

(identical) and by a mixture melting point (no depression). 

2-Phenyl-2-oxazoline-4-spirocyclopentane (2-Phenyl-3-

oxa-l-azaspiro(4.4)non-l-ene}. l'-1ethod I. This procedure 

is a modification of the method described by Winstein and 

Boschan (13) for the preparation of 2-oxazolines from 

amido alcohols. Five grams (0.023 m.) of 1-benzamido-1-

hydroxymethylcyclopentane was added to a 125 ml. Erlenmeyer 

flask containing 20 ml. of benzene. Thionyl chloride (60 ml) 

was added in portions to the flask which during the addi­

tion was maintained at a temperature below 10° and shaken 

intermittently. The flask was s�pppered and allowed to 

stand at room temperature for 24 hrs. The solution was 

then poured into 300 ml. of cold purified ether which was 

stirred vigorously during the addition. The white crys­

talline oxazoline hydrochloride precipitated immediately. 
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It was collected on a sintered r,lass funnel, washed well 

with purified ether, and recrystallized from dichlorome-

thane-ether. There was obtained _5.1 g. (94�) of pure 

material melting at 13.5-136°. The infrared spectrum shows 

absorption maxima at 6.15 microns (1626 cm-1), corres­

ponding to the imine group (C=N) of the oxazoline ring 

and between 3.70 and 4.35 microns (2700 and 2300 cm-1), 
+ 

corresponding to the 11ammonium11 band of the C=NH group. 

Analysis: 

Calcd. for C13H16Cl NO: C: 6_5.68� H: 6.74� N: 5.91� 

Found: 65.68 6. 77 5.87 

The free base was obtained by making distinctly alkaline 

with 1 N sodium hydroxide an aqueous solution of the 

oxazoline hydrochloride and extracting the resulting mix-

ture with ether. The ether solution was dried over anhy-

drous sodium sulfate, filtered, and evaporated under reduced 

pressure to leave a clear colorless liquid. The infrared 

spectrum (nujol) shows strong absorption at 6.08 microns 

(164.5 cm-1) corresponding to the imine groupo In order to 

obtain a crystalline derivative for analysis and further 

characterization, the picrate was prepared from a solution 

of the oxazoline base in 9.5� ethanolo After three recrys­

tallizations from 9.5� ethanol, the material melted at 17.5-

Analysis: 

Calc d. for c19H18N�_o8: 

Found: 

C: .53.02� H: 4.16� N: 13.02� 

_52.97 4.46 12.67 
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Method II.· This procedure is essentially the same as 

that described by Boyd and Hansen (12) for preparation of 

substituted 2-phenyl-2-oxazolines from acylaminoalkanols. 

A solution of 2.2 g. (OoOl m.) of 1-benzamido-1-hydroxy­

methylcyclopentane in 8 ml. of pyridine was stirred and 

maintained at a temperature below 15° while 1.9 g. of E­

toluenesulfonyl chloride was added dropwise. The solution 

was stoppered and allowed to stand at room temperature for 

72 hrs. It then was poured into a cold mixture of 20 ml. 

of water and 8 ml. of concentrated hydrochloric acid, and 

the resulting solution was extracted with benzene to remove 

any unreacted or tosylated amido alcohol. The solution was 

made alkaline with 10% sodium hydroxide solution and 

extracted with ether. Removal of the ether under reduced 

pressure afforded a liquid residue which was dissolved in 

purified ether and the resulting solution treated with 

hydrogen chloride gas. The solid which precipitated was 

collected on a Buchner funnel and recrystallized from 

dichloromethane-ether. Less than 100 mg. of pure material 

melting at 134-136° was obtained. 

The same procedure was repeated except the solution 

was held at 100° for 12 hrs. instead of at room tempera­

ture for 72 hrs. The solution was cooled and worked up 

in the manner previously described. Again, less than 100 

mg. of material melting at 134-136° was obtained. The 

·.products from Methods ! and II possess identical infrared 

spectra, and a mixture of the two products melts at 134-

1360. 
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l-Benzamido-1-chloromethylcyclopentane. This method 

is a modification of the procedure described by Fry (5) for 

the general preparation of �-chloroalkylamides from 2-

oxazolines. A solution of 2.3 g. of 2-phenyl-2-oxazoline-

4-spirocyclopentane hydrochloride in 40 ml. of dioxane 

which had been saturated previously with hydrogen chloride 

gas was refluxed for 45 min. under anhydrous conditions. 

The solution was cooled and evaporated to dryness under 

reduced pressure. The solid residue was washed with water 

to remove water soluble material and then recrystallized 

from aqueous acetone to afford 1.8 g. (78%) of product. 

The pure compound melts at 126.5-127.5°, is soluble in 

ether, and is insoD1ble in dilute acid or base. It gives 

a positive Beilstein test, but no precipitation occurs on 

treatment with alcoholic silver nitrate at room temperature. 

When this solution is heated for 5-10 min. over a flame, 

however, a precipitate of silver chloride slowly forms. 

The infrared spectrum shows a sharp band at 6.13 microns 

(1631 cm-1) which corresponds to an amide carbonyl group. 

The spectrum also displays a sharp peak at 2.94 microns 

(3400 cm-1) which is characteristic of the NH group. This 

data is in agreement with the characteristics of (3-chloro­

alkylamides observed by van Tamelen (58). 

Analysis: 

Calcd. for C13H16ClNO: C: 65.68% H: 6.74% N: 5.91% 

Found: 6.89 
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2-Phenyl-2-oxazoline-4-spirocyclopentane from 1-Benza­

mido-1-chloromethylcyclopentane. The procedure employed is 

a modification of that described by Leffler and Adams (9) 

for the general synthesls of 2-oxazolines from @-chloro­

alkylamides. To 6 ml. of 70% ethanol containing 80 mg. 

of sodium hydroxide was added 300 m�. of 1-benzamido-1-

chloromethylcyclopentane. The suspension was heated on a 

steam bath for 3 min. The chloroamide dissolved slowly as 

the solution became hot and was completely dissolved in 

1 min. Immediately following the 3 min. reaction period, 

the solution was placed in an ice bath and diluted with 

5 ml. of water. The solution was acidified with dilute 

hydrochloric acid and extracted with ether to remove unre-

acted starting material. The solution was made distinctly 

alkaline with 1 N sodium hydroxide and extracted several 

times with ether. The ether extracts were combined, dried 

over anhydrous sodium sulfate for 24 hrs. and filtered. 

Addition of hydrogen chloride gas to the ether solution 

caused the precipitation of a compound which afforde� 

after recrystallization from dichloromethane-ethe� 200 mg. 

(67%) of pure material melting at 135-136°. The infrared 

spectrum of this compound is identical with that of authen­

tic 2-phenyl-2-oxazoline-4-spirocyclopentane hydrochloride 

(page 52). There was no depression in the melting point 

of a mixture of the two compounds. 
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2-(p-Chlorophenyl)-2-oxazoline-4-spirocyclopentane 

1-(p-Chlorobenzamido)-cyclopentane-1-carboxylic Acid. 

The p roced ure for the preparation of 1-benzamidocyclopen­

tane-1-carboxylic acid was fol lowed. Thirty-two grams 

(0.25 m.) of 1-aminocyclopentane-1-carboxylic acid was 

treated with 44 g. of £-chlorobenzoyl chloride and a total 

of 250 ml. of 2 N sodium hydroxide. The solid obtained on 

acidifying the reaction mixture was washed with ether to 

remove £-chlorobenzoic acid and recrystallized from 70% 

ethanol to give 30 g. (45%) of product. This material 

still contained some £-chlorobenzoic acid which was very 

difficult to remove completely. Rather than lose more 

material by further purification at this point, it was 

decided to eliminate the £-chlorobenzoic acid as its methyl 

ester in the following step. 

1-(p-Chlorobenzamido)-1-carbomethoxycyclopentane. A 

modified form of the method used to prepare 1-benzamido-1-

carbomethoxycyc lopentane was employed. Thirty grams 

(0.113 m.) of 1-(£-Chlorobenzamido)-cyclopentane-1-c&r­

boxylic acid was dissolved in a mixture of 40 ml. of 

methanol, 100 ml. of 2,2-dimethoxypropane, and 4 ml. of 

concentrated hydrochloric acid. The solution was stirred 

at room temperature for 48 hrs. and then was evaporated to 

·dryness. The solid residue was washed with petroleum ether 

to remove the red color. The methyl E-chlorobenzoate which 
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formed from the E.-chlorobenzoic acid present in the 

starting material also -vras removed by the petroleum ether. 

The residue was suspended and stirred in dilute sodium 

hydroxide solution to remove unreacted starting material. 

The residue was then collected on a Buchner funnel, washed 

well with water, and recrystallized from aqueous acetone 

to afford 24 g. (82%) of product melting at 143-14.5°. The 

infrared spectrum shows absorption maxima at 5.84 microns 

(1712 cm-1) correspondin� to an ester carbonyl group, 6.10 

microns (1640 cm-1) corresponding to an amide carbonyl func­

tion, and 2.95 microns (3390 cm-1) corresponding to an 

ami de NH group. 

Analysis: 

Calcd. for C14H16ClN03: C: 59.68% H: 5.68fo N: 4.97fo 

Found: 60.06 6.19 5.08 

1-(p-Chlorobenzamido)-1-hydroxymethylcyclopentane. 

The procedure described for the reduction of 1-benzamido-

1-carbomethoxycyclopentane to the corresponding alcohol 

was follovred. Twenty-four grams ( 0.09 m.) of 1-(.E,-chloro­

benzamido)-1-carbomethoxycyclopentane was treated with 5.4 

g. of lithium chloride and 4.9 g. of potassium borohydride 

in 225 ml. of tetrabydrofuran. There was isolated, after 

recrystallization from 50fo ethanol, 19.3 g. (85fo) of 

product melting at 158-162°. An analytical sample, after 

two recrystallizations from benzene-ligroin, melted at 

162-164.5°. The infrared spectrum exhibits peaks at 6.08 
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microns (1645 cm-1), 2.96 microns (3378 cm-1) and 2.86 

microns (3497 cm-1). There is no absorption peak in the 

ester carbonyl region of the spectrum. 

Analysis: 

Calcd. for c13H16ClN02 : 

Found: 

C: 61.53% H: 

61.57 

6.31% N: 5.52% 

6.47 5.48 

1-Amino-1-cyclopentylmethyl p-Chlorobenzoate Hydro­

chloride by N - 0 Acyl Migration. The procedure followed 

is essentially the same as that described for the prepara­

tion of 1-amino-1-cyclopentylmethyl benzoate hydrochloride. 

A solution of 1.5 g. of l-(£-Chlorobenzamido)-1-hydroxy­

methylcyclopentane in a mixture of 50 ml. of chloroform 

and 25 ml. of absolute ethanol was saturated with hydrogen 

chloride gas and allowed to stand at room temperature for 

24 hrs. After evaporation of the solvent, the solid resi­

due was washed with ether and recrystallized from ethanol­

ether to give 1.25 g. (73%) of a water soluble compound 

melting at 279.5-281° 
dec. The infrared spectrum displays 

a broad ammonium band between 3.1 and 4 microns (3225 and 

2500 cm-1) and an ester carbonyl band at 5.80 microns 

(1725 cm
-1

). There is essentially no absorption in the 

amide carbonyl region. 

Analysis: 

Calcd. for c13H17cl2N02: 

Found: 6.18 
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1-(p-Chlorobenzamido)-1-hydroxymethylcyclopentane by 

0 - N Acyl Migration. The procedure described for the 

conversion of 1-amino-1-cyclopentylmethyl benzoate hydro­

chloride to the corresponding amido alcohol was followed. 

A solution of 0.5 g. of 1-amino-1-cyclopentylmethyl E­

chlorobenzoate hydrochloride in 10 ml. of water was made 

distinctly alkaline with 1 N sodium hydroxide. The solid 

which precipitated was recrystallized from benzene-ligroin 

to give a compound melting at 162-164.5°. The infrared 

spectrum of this compound is identical with that of authen­

tic 1-(E-chlorobenzamido)-1-hydroxymethylcyclopentane 

(page 57). A mixture melting point of the two compounds 

was not depressed. 

2-(p-Chlorophenyl)-2-oxazoline-4-spirocyclopentane 

(2-(p-Chlorophenyl)-3-oxa-l-azaspiro(4.4)non-l-ene). The 

procedure is essentially the same as that of Method I for 

the preparation of 2-phenyl-2-oxazoline-4-spirocyclopen­

tane. Treatment of 2.5 g. (0.01 m.) of 1-(£-Chlorobenza­

mido)-1-hydroxymethylcyclopentane with lO ml. of benzene 

and 25 ml. of thionyl chloride afforded, after addition of 

purified ether (400 ml.) and petroleum ether (100 ml.), 

2.2 g. ( 81%) of the oxazoline hydrochloride. Recrystal­

lization from dichloromethane-ether gave a pure sample 

melting at 128.5-129.5°. The infrared spectrum (page 34) 
-1 

·displays a band at 6.10 microns (1640 em ) corresponding 

to the imine function (C=N) of the oxazoline ring. 
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Analysis: 

Calcd. for C13H15Cl2NO: 

Found: 

60 

C: 57.35� H: 5.51� N: 5.15fa 

57.20 T 
57 .J4 M 

5.97 T 
5.65 M 

5.21 T 

The free base was precipitated from an aqueous solution of 

the oxazoline hydrochloride by addition of 1 N sodium 

hydroxide. The white solid was recrystallized twice from 

50fo ethanol to give a pure compound melting at 61-62°. The 

infrared spectrum (page 33) possesses the characteristic 

imine peak at 6.06 microns (1650 cm-1). 

Analysis: 

Calcd. for C13H14ClNO: C: 66.24% H: 5.95% N: 5.95fa 

Found: 66./1-6 M 6.13 M 5.86 

1-(p-Chlorobenzamido)-1-chloromethylcyclopentane. The 

procedure followed is essentially that described for the 

preparation of 1-benzamido-1-chloromethylcyclopentane. A 

solution of 1.0 g. of 2-(£-chlorophenyl)-2-oxazoline-4-

spirocyclopentane in 40 ml. of dioxane, which had been 

saturated previously with hydrogen chloride gas, was 

refluxed for 45 min. The solution was cooled, and a solid 

precipitated. This precipitate was shown to be 1-amino-1-

cyclopentylmethyl £-chlorobenzoate hydrochloride by compari­

son with an authentic sample (page 58). Such a side product 

in reactions of thj_s type has been reported (5). The 

reaction mixture was filtered, and the filtrate was evapo-

rated to dryness under reduced pressure. An aqueous 
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acetone solution of the residue was decolorized with char­

coal and filtered. Addition of water caused a white solid 

to precipitate. Recrystallization of this solid from 

aqueous methanol yielded 650 mg. (65�) of pure material 

melting at 107-108°. The infrared spectrum (page 31) 

possesses an amide carbonyl band at 6.10 microns (1640 
-1 1 

em ) and a sharp NH peak at 2.91 microns (3436 em
- ) . 

Analysis: 

Found: 

2-(p-Chlorophenyl)-2-oxazoline-4-spirocyclopentane 

from 1-(p-Chlorobenzamido)-1-chloromethylcyclopentane. 

This method is essentially the same as that described for 

the conversion of 1-benzamido-1-chloromethylcyclopentane 

to 2-phenyl-2-oxazoline-4-spirocyclopentane. 1-(£-Chloro­

benzamido)-1-chloromethylcyclopentane (300 mg.) was sus­

pended in 6 ml. of 70� ethanol containing 80 mg. of sodium 

hydroxide. The suspension was heated on a steam bath for 

3 min., cooled, diluted with 5 ml. of water, made acid, 

extracted with ether, and then made alkaline. A white 

solid precipitated which on recrystallization from aqueous 

acetone afforded 200 mg. (80%) of a pure compound melting 

at 61-62°. The infrared spectrum of this compound is 

identical with that of authentic 2-(£-chlorophenyl)-2-

, oxazoline-4-spirocyclopentane (page 59). The melting point 

of a mixture of the two compounds was not depressed. 
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2-(p-Methylphenyl)-2-oxazoline-4-spirocyclopentane 

1-(p-Methylbenzamido)-cyclopentane-1-carboxylic Acid. 

This method is a modification of the procedure followed for 

the preparation of 1-benzamidocyclopentane-1-carboxylic 

acid. Thirty-two grams (0.25 m.) of 1-aminocyclopentane-1-

carboxylic acid, 30 ml. of benzene, and 125 ml. of 2 N 

sodium hydroxide were placed in a one liter, three-necked 

round-bottomed flask equipped with a magnetic stirrer, The 

flask was placed in an ice bath, and the mixture was 

stirred vigorously while 125 ml. of 2 N sodium hydroxide 

and a solution of 39 g. of E-methylbenzoyl chloride in 

50 ml. of benzene were added separately and slowly from 

dropping funnels over a 2 hr. period. After the additions 

were completed, the reaction mixture was stirred for 2 more 

hrs. The benzene layer was removed, and the aqueous layer 

was acidified with 10% hydrochloric acid to obtain the 

product. The material was air dried, washed with ether to 

remove E-methylbenzoic acid and recrystallized from 70% 

ethanol to give 16 g. (26%) of product. Just as in the 

case of the E-chloro derivative, a purification problem 

was encountered. £-Methylbenzoic acid was still present 

in the recrystallized product. This contaminant was re­

moved as its methyl ester in the next step. 
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1-(p-Methylbenzamido)-1-carbomethoxycyclopentane. The 

procedure described for the synthesis of 1-(]2-Chlorobenza­

mido)-1-carbomethoxycyclopentane was followed. Sixteen 

grams (0.065 m.) of 1-(E-methylbenzamido)-cyclopentane-1-

carboxylic acid was treated with 20 ml. of methanol, 50 ml •. 

of 2,2-dimethoxypropane, and 2 ml. of concentrated hydro­

chloric acid. The residue remaining after evaporation of 

the reaction mixture was washed with petroleum ether to 

remove the methyl £-methylbenzoate formed from the E­

methylbenzoic acid present in the starting material, and 

with 1 N sodium hydroxide to remove unreacted starting 

material. The residue was then recrystallized from aqueous 

acetone to give 10.5 g. (65%) of product. An analytical 

sample, after two recrystallizations from benzene-ligroin, 

melted at 117-119°. 'fhe infrared spectrum shows that both 

the amide and ester functions are present in the compound. 

Analysis: 

Calcd. for C15H19N03: C: 68.97% H: 7.27% N: 5.36% 

Found: 68.85 7.29 

1-( p-�·fethylbenzamido) -1-hydroxymethylcyclopen tane. 

The method employed was the same as that for the reduction 

of 1-benzamido-1-carbomethoxycyclopentane to the corres­

ponding alcohol. 1-(E-Hethylbenzamido)-1-carbomethoxy­

cyclopentane (10.5 g., 0.04 m.) was treated with 2.2 g. of 

··potassium borohydride and 2.1-t g. of lithium chloride in 

100 ml. of tetrahydrofuran. The reaction mixture yielded 
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7.0 g. (74�) of product which, after recrystallization from 

aqueous acetone, melted at 120-123°. An analytical sample, 

after two recrystallizations from benzene-ligroin, melted 

at 122.5-124.5
°

. The infrared spectrum possesses no absorp­

tion band in the ester carbonyl region. 

Analysis: 

Calcd, for c14H19No
2: C: 72.10� H: 8.15� N: 6.01� 

Found: 72.13 8.30 6.15 

1-Amino-1-cyclopentylmethyl p-Methylbenzoate Hydro­

chloride by N - 0 Acyl Migration. The procedure employed 

in the preparation of 1-amino-1-cyclopentylmethyl Q-chloro­

benzoate hydrochloride was follo1rred. Treatment of 1.5 g. 

of 1-(Q-methylbenzamido)-1-hydroxymethylcyclopentane with 

a chloroform-ethanol mixture saturated with hydrogen chlo­

ride gas yielded 1.4 g. (80%) of a water soluble compound. 

After recrystallization from ethanol-ether the compound 

0 
melted at 253.5-254.5 dec. The infrared spectrum possesses 

an ammonium band and an ester carbonyl band but does not 

show an amide carbonyl band. 

Analysis: 

Calcd. for C14H2oClN02: 

Found: 62.52 5.01 

1-( p-r1e thylbenzamido) -1-hydroxymethylcyclopentane by 

0 - N Acyl Migrat1on. The procedure described for the con­

version of 1-amino-1-cyclopentylmethyl benzoate hydrochlo-
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ride to the corresponding amido alcohol was followed. An 

aqueous solution of 1-amino-1-cyclopentylmethyl £-methyl­

benzoate hydrochloride was made distinctly alkaline with 

1 N sodium hydroxide. The precipitate was recrystallized 

from benzene-ligroin to give a pure material melting at 

122-124°. The infrared spectrum of this compound is 

identical with that of authentic 1-(£-methylbenzamido)-1-

hydroxymethylcyclopentane (page 63). There was no depres­

sion in the melting point of a mixture of the two com-

pounds. 

2-(p-Methylphenyl)-2-oxazoline-4-spirocyclopentane 

(2-(p-Methylphenyl)-3-oxa-l-azaspiro(4.4)non-l-ene). The 

procedure described for the preparation of 2-phenyl-2-

oxazoline-4-spirocyclopentane by Method I was followed. 

Treatment of 2.5 g. (0.01 m.) of 1-(£-methylbenzamido)-1-

hydroxymethylcyclopentane with 10 ml. of benzene and 25 ml. 

of thionyl chloride afforded, on addition of purified ether, 

1.8 g. (67�) of the oxazoline hydrochloride. A pure sample 

melting at 121.5-122.5° was obtained by recrystallization 

from dichloromethane-ether. The infrared spectrum shows 

an absorption peak at 6.17 microns (1621 cm-1) which corres­

ponds to the imine group (C=N). 

Analysis: 

Calcd. for C14H18ClNO: 

·.Found: 

C: 66.80% H: 7.16% N: 5.57� 

66.58 T 7.13 T 5.66 T 

The �base was precipitated from a cold aqueous solution 
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of the hydrochloride by addition of 1 N sodium hydroxide. 

The solid was recrystallized from aqueous acetone to give 

a pure compound melting at 29.5-31°. The infrared spec­

trum displays the characteristic imine peak at 6.08 microns 

(1645 cm-1). 

Analysis: 

Calcd. for c14H17NO: 

Found: 

1-(p-Methylbenzamido)-1-chloromethylcyclopentane. The 

procedure described for the preparation of 1-(£-Chloro­

benzamido)-1-chloromethylcyclopentane was followed. Treat­

ment of 2-(£-methylphenyl)-2-oxazoline-4-spirocyclopentane 

(750 mg.) with 30 ml. of dioxane saturated with hydrogen 

chloride gas yielded, after recrystallization from aqueous 

acetone, 550 mg. (73%) of pure material melting at 100-

1010. The infrared spectrum shows an amide band at 6.10 

microns (1640 cm-1) and a sharp NH peak at 2.92 microns 
-1 

(3425 em ). 

Analysis: 

Calcd. for C14H18ClNO: 

Found: 

N: 5.57% 

5.50 

2-(p-Methylphenyl)-2-oxazoline-4-spirocyclopentane 

from 1-(p-Methylbenzamido)-1-chloromethylcyclopentane • 

. procedure is the same as that described for the conversion 

of 1-benzamido-1-chloromethylcyclopentane to 2-phenyl-2-
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oxazoline-4-spirocyclopentane. Treatment of 300 mg. of 

1-(E-methylbenzamido)-1-chloromethylcyclopentane with 6 ml. 

of 70% ethanol and 80 mg. of sodium hydroxide yielded 

175 mg. (58%) of product isolated as the hydrochloride. 

After recrystallization from dichloromethane-ether, the 

ma terial melted at 120-121.5°. The infrared spectrum of 

this compound is identical with that of authentic 2-(£­

methylphenyl)-2-oxazoline-4-spirocyclopentane hydrochlo­

ride (page 65). There was no depression in the melting 

point of a mixture of the two compounds. 
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2-{p-Nitrophenyl)-2-oxazoline-4-spirocyclopentane 

1-(p-Nitrobenzamido)-cyclopentane-1-carboxylic Acid. 

The procedure followed is the same as that described for 

the preparation of 1-(£-methylbenzamido)-cyclopentane-1-

carboxylic acid. Thirty-two grams (0.25 m.) of 1-amino­

cyclopentane-1-carboxylic acid was treated with 46.5 g. 

of £-nitrobenzoyl chloride and a total of 250 ml. of 2 N 

sodium hydroxide in the presence of 80 ml. of benzene. 

After removal of the benzene, the aqueous solution was 

acidified to obtain the product. This material was washed 

with ether and recrystallized from 70% ethanol to afford 

40.0 g. (56%) of product which still contained £-nitro­

benzoic acid. This contaminant was removed as its methyl 

ester in the following step. 

1-(p-Nitrobenzamido)-1-carbomethoxycyclopentane. This 

procedure is the same as that employed for the preparation 

of 1-(£-Chlorobenzamido)-1-carbomethoxycyclopentane. Forty 

grams (0.14 m.) of 1-(£-nitrobenzamido)-cyclopentane-1-

carboxylic acid was treated wlth 50 ml. of methanol, -120 ml. 

of 2,2-dimethoxypropane, and 5 ml. of concentrated hydro­

chloric acid. The reaction mixture was evaporated to 

dryness and purified in the usual manner. The yield was 
0 

26 g. (62%). An analytical sample melting at 165.5-167 

was obtained after three recrystallizations from benzene­

ligroin. The infrared spectrum confirms the presence of 
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Analysis: 

69 

Calcd. for C14H16N205: C: 57.53% H: 5.47% N: 9.58% 

Found: 57.46 5.68 9.43 

1- (p-Nitrobenzamido ) -1-hydroxymethylcyclopentane. The 

procedure described for the preparation of 1-benzamido-1-

hydroxymethylcyclppentane was followed. Twenty-six grams 

(0.09 m. ) of 1- (E-nitrobenzamido ) -1-carbomethoxycyclopen­

tane was treated with 5.4 g. of lithium chloride and 4.9 g. 

of potassium borohydride in 225 ml. of tetrahydrofuran. 

The reaction mixture was worked up in the usual manner. 

After recrystallization from benzene-ligroin, 16.5 g. (71%) 

of a yellow solid melting at 189-193° was obtained. A 

pure sample was obtained by decolorizing with charcoal a 

95% ethanol solution of the material, filtering the solu­

tion, precipitating the solid by addition of water to the 

filtrate, and lastly, recrystallizing this solid twice 

from aqueous acetone. The pale yellow material thus 

obtained melted at 193.5-195°. The infrared spectrum shows 

no evidence of an ester carbonyl function. 

Analysis: 

Calcd. for c13H16N204: 

Found: 

C: 59.09% H: 

6.10 

N: 10.61% 

10.74 
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1-Amino-1-cyclopentylmethyl p-Nitrobenzoate Hydro­
chloride by N - 0 Acyl Migration. The procedure described 
for the preparation of 1-amino-1-cyclopentylmethyl E-chlo­
robenzoate hydrochloride was followed. Treatment of 1.5 g. 
of l-(£-nitrobenzamido)-l-hydroxymet11ylcyclopentane with 

hydrogen chloride in a chloroform-ethanol mixture afforded 

1.1 g. (65%) of a water soluble compound which, after 

recrystallization from ethanol-ether, melted at 245.5-

246.50 dec. The infrared spectrum affirms the occurrence 

of nitrogen to oxygen acyl migration. 

Analysis: 

Oalcd. for o13H17o1N204: 0: 51.91% H: 5.65� N: 9.31% 

Found: 

1-(p-Nitrobenzamido)-1-hydroxymethylcyclopentane by 

0 - N Acyl Migration. The procedure described for the 

conversion of 1-amino-1-cyclopentylmethyl benzoate hydro­

chloride to the corresponding amido alcohol was followed. 

An aqueous solution of 1-amino-1-cyclopentylmethyl £-nitro­

benzoate hydrochloride was made distinctly alkaline with 

1 N sodium hydroxide. The solid which precipitated was 

recrystallized from benzene-ligroin to give a pure com­

pound melting at 193-195°. The infrared spectra (identical) 

and mixture melting point (no depression) confirm the 

identity of this compound with authentic 1-(£-nitrobenza­

mido)-1-hydroxymethylcyclopentane (page 69). 
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2-(p-Nitrophenyl)-2-oxazoline-4-spirocyclopentane 
(2-(p-Nitrophenyl)-3-oxa-l-aza(4.4)non-l-ene). The proce­
dure of Method I for the preparation of 2-phenyl-2-oxazo­
line-4-spirocyclopentane was followed essentially. Treat­
ment of 2.5 g. (0.01 m.) of 1-(E-nitrobenzamido)-1-hydroxy­
methylcyclopentane with 10 ml. of benzene and 30 ml. of 

thionyl chloride afforded, after addition of purified ether­

tetrahydrofuran (2:1 mixture), 2.4 g. (86%) of the oxazo­

line hydrochloride. Recrystallization from dichloromethane-
o ether gave pale yellow crystals melting at 120-121.5 • 

The infrared spectrum displays the imine band at 6.06 

microns (1650 cm-1). 

Analysis: 

Calcd. for c13H15ClN203: C: 55.22% H: 5.31% N: 9.91% 

Found: 55.57 M 5.38 M 10.04 M 

The free base was prepared from an aqueous solution of the 

hydrochloride. The solution was decolorized with charcoal, 

filtered, and the filtrate made alkaline with 1 N sodium 

hydroxide. The precipitate was recrystallized from aqueous 

acetone to give a compound melting at 75-77°. The infrared 

spectrum shows an imine band at 6.12 microns (1634 cm-1). 

Analysis: 

Calcd. for C13H14N203: 

Found: 63.33 T 5.97 T 11.20 T 



www.manaraa.com

72 

1-(p-Nitrobenzamido)-1-chloromethylcyclopentane. The 

procedure described for the preparation of 1-(£-chloro­

benzamido)-1-chloromethylcyclopentane was followed. Treat­

ment of 2-(£-nitrophenyl)-2-oxazoline-4-spirocyclopentane 

(100 mg.) with 25 ml. of dioxane saturated with hydrogen 

chloride gas yielded, after recrystallization from aqueous 

acetone, approximately 20 mg. (20�) of pure material 

melting at 147-149°. The infrared spectrum possesses an 

amide peak at 6.08 microns (1645 cm
-1

) and a sharp NH 

peak at 2.98 microns (33 56 cm-1). 

Analysis: 

Calcd. for C13H15ClN203: 

Found: 

N: 9.91� 

9.60 
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2-(p-Ethoxyphenyl)-2-oxazoline-4-spirocyclopentane 

1-{p-Ethoxybenzamido)-cyclopentane-1-carboxylic Acid. 

The procedure employed is the same as that described for 

the preparation of l•benzamidocyclopentane-1-carboxylic 

acid. Thirty-two grams (0.25 m.) of 1-aminocyclopentane-1-

carboxylic acid was treated with 46 g. of £-ethoxybenzoyl 

chloride and a total of 250 ml. of 2 N sodium hydroxide. 

There was obtained 15 g. (23%) of product after the crude 

material was washed with ether and recrystallized from 70� 

ethanol. E-Ethoxybenzoic acid was still present in the 

recrystallized material and was removed as its methyl 

ester in the next step. 

1-(p-Ethoxybenzamido)-1-carbomethoxycyclopentane. 

Method r. The procedure followed is the same as that given 

for the synthesis of 1-benzamido-1-carbomethoxycyclopentane. 

Fifteen grams (0.056 m.) of 1-(£-ethoxybenzamido)-cyclo­

pentane-1-carboxylic acid was treated with 20 ml. of metha­

nol, 50 ml. of 2,2-dimethoxypropane, and 2 ml. of concen­

trated hydrochloric acid. The residue remaining after 

evaporation of the solvent was purified in the usual manner 

to give 9.0 g. (56�) of product. After recrystallization 

0 from benzene-ligroin, the material melted at 122-123 • 

The infrared spectrum confirms the presence of both an 

eater and an amide function in the compound. 
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Analysis: 

Calcd. for c16H21No4: 

Found: 

C: 7.21� N: 

7.47 

Method II. The method described by Ratouris and 

74 

Behar (59) for the preparation of amides of amino acid 

esters was followed essentially in this procedure. To a 

solution of 15.0 g. (0.083 m.) of 1-nmino-1-carbomethoxy­

cyclopentane hydrochloride in 100 ml. of water was added 

175 ml. of chloroform containing 16 g. of �-ethoxybenzoyl 

chloride. This reaction mixture was placed in a one liter 

volumetric flask and shaken on a mechanical shaking appara­

tus for 24 hrs. During this period, 16 g. (0.19 m.) of 

sodium bicarbonate was added to the mixture in portions. 

The chloroform layer was removed at the end of the reaction 

period, and the water layer was extracted several times 

with chloroform. The original chloroform layer and the 

extracts were combined, washed with dilute hydrochloric 

acid to remove unreacted starting material, washed with 

water, dried over anhydrous sodium sulfate, filtered, 

and evaporated to dryness. The yellow residue was washed 

with ligroin to remove the color and recrystallized from 

benzene-ligroin to give 19 g. (79%) of product melting at 

122-123
°

. The infrared spectra (identical) and mixture 

melting point (no depression) establish the identity of 

this product with that from Method I. 



www.manaraa.com

15 

1-(p-Ethoxybenzami do)-1-hydroxymeth ylcyclopentane. 

The same procedure as that described for the preparation 

of 1-benzamido-1-hydroxymethylcyclopentane was followed. 

Twenty grams (0.07 m.) of 1-(£-ethoxybenzamido)-1-carbo­

methoxycyclopentane was treated with 4.7 g. of lithium 

chloride and 4.3 g. of potassium borohydride in 200 ml. of 

tetrahydrofuran. The reaction mixture was worked up in the 

usual manner. After recrystallization from benzene-ligroin, 

14 g. (76�) of product melting at 93-95° was obtained. 

Recrystallization from 60� ethanol afforded a pure sample 

melting at 94.5-95.5°. The infrared spectrum confirmed 

the complete reduction of the ester. 

Analysis: 

Calcd. for C15H21N03: 

Found: 

C: 68.44% H: 7.98� N: 5.32� 

68.27 7.97 5.45 

1-Amino-1-cyclopentylmethyl p-Ethoxybenzoate Hydro­

chloride by N - 0 Acyl Migration. The procedure employed 

for the preparation of 1-amino-1-cyclopentylmethyl �-chlo­

robenzoate hydrochloride was followed. Treatment of 1.5 g. 

of 1-(E-ethoxybenzamido)-1-hydroxymethylcyclopentane with 

a chloroform and ethanol mixture saturated with hydrogen 

chloride gas yielded 1.2 g. (71�) of a water soluble 

compound which, after recrystallization from ethanol-ether, 

melted at 222-223° dec. The infrared spectrum confirms 

· ..  the occurrence of nitrogen to oxygen acyl migration. 
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Analysis: 

Calcd. for C15H22ClN03: 

Found: 

76 

C: 60.10% H: 7.34� N: 4.67� 

60.12 7.75 4.48 

1-(p-Ethoxybenzamido)-1-hydroxymethylcyclopentane by 

0 - N Acyl Migration. The procedure described for the 

conversion of 1-amino-1-cyclopentylmethyl benzoate hydro­

chloride to the corresponding amido alcohol was followed. 

An aqueous solution of 1-amino-1-cyclopentylmethyl E­

ethoxybenzoate hydrochloride was made distinctly alkaline 

with 1 N sodium hydroxide. The resulting precipitate was 

recrystallized from benzene-1igroin to give a pure sample 

melting at 94-95.5°. The infrared spectrum of this cam­

pound is identical with that of authentic 1-(E-ethoxy­

benzamido)-1-hydroxymethylcyclopentane (page 75). There 

was no depression in the melting point of a mixture of 

the two compounds. 

2-(p-Ethoxypheny1)-2-oxazo1ine-4-spirocyclopentane 

(2-(p-Ethoxyphenyl)-3-oxa-l-azaspiro(4.4)non-l-ene). The 

procedure for the preparation of 2-phenyl-2-oxazoline-4-

spirocyc1opentane by Method I was followed. Two grams 

(0.008 m.) of 1-(E-ethoxybenzamido)-1-hydroxymethylcyclo­

pentane in 10 ml. of benzene was treated with 30 ml. of 

thionyl chloride. Upon addition of a 1:1 mixture of 

'purified ether-petroleum ether, the oxazoline hydrochloride 

precipitated. The extremely hygroscopic nature of the 
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hydrochloride made its characterization virtually impossi­

ble. For this reason it was converted directly to the 

oxazoline. To obtain the oxazoline, an aqueous solution 

o� the hydrochloride was decolorized with charcoal, fil­

tered, and the base precipitated from the filtrate by 

addition of 1 N sodium hydroxide. After recrystalliza­

tion from 5o% ethanol, 1.15 g. (61%) of pure material 

melting at 80-81° was obtained. The infrared spectrum 

displays the imine absorption maximum at 6.10 microns 

(1640 cm-1}. The proton magnetic resonance spectrum 

(p.m.r.) ( page 36 } in deuterated chloroform contains a 

triplet centered at 8.62 tau units (7) (J =?cps.) corres­

ponding to the "CH3" portion of the 12.-ethoxy substituent, 

a complex multiplet between 7.82 and 8.481"'corresponding 

to the cyclopentane ring, a quartet centered at 5.96 7 

( J = 7 cps.} corresponding to the "-OCH2-" portion of the 

12.-ethoxy substituent, a singlet at 5.84'1corresponding to 

the "-OCH2-" group of the oxazoline ring, and a A2B2 pattern 

centered at 2.63�(J = 7 cps.) corresponding to the ring 

protons of the phenyl group. Integrated areas under the 

aromatic, etheric and alkyl absorption peaks were in- the 

ratio: 4 : 4 : 11, in agreement with the assigned struc-

ture. 

Analysis: 

Calcd. for C15H19N02: 

·Found: 

C: 73.47% H: 7.75% N: 5.71% 

73.28 7.98 5.74 
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1-(p-Ethoxybenzamido)-1-chloromethylcyclopentane. The 

procedure is the same as that given for the preparation of 

1-(£-chlorobenzamido)-1-chloromethylcyclopentane. A solu­

tion of 400 mg. of 2-(£-ethoxyphenyl)-2-oxazoline-4-spiro­

cyclopentane in 40 ml. of dioxane previously saturated 

with hydrogen chloride gas was refluxed for 45 min. and 

worked up in the usual manner. After recrystallization 

from aqueous acetone, a pure compound melting at 105-106° 

was obtained. The infrared spectrum displays an amide 

carbonyl band at 6.13 microns (1631 cm-1) and a sharp NH 

peak at 2.95 microns (3390 cm-1) 

Analysis: 

Calcd. for c15H20c1N02: 

Found: 

2-(p-Ethoxyphenyl)-2-oxazoline-4-spirocyclopentane 

from 1-(p-Ethoxybenzamido)-1-chloromethylcyclopentane. 

The procedure followed is the same as that described for 

the conversion of 1-(£-chlorobenzamido)-1-chloromethyl­

cyclopentane to 2-(£-chlorophenyl)-2-oxazoline-4-spiro­

cyclopentane. Treatment of 100 mg. of 1-(£-ethoxybenza­

mido)-1-chloromethylcyclopentane with sodium hydroxide in 

70% ethanol yielded 70 mg. (80%) of a compound melting 

at 80-81
°

. The infrared spectra (identical) and mixture 

melting point (no depression) establish the identity of 

'this compound with authentic 2-(£-ethoxyphenyl)-2-

oxazoline-4-spirocyclopentane (page 76). 
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2-(p-Dimethylaminophonyl)-2-oxazoline-4-spirocyclopentane 

Attempted Preparation of 1-(p-Dimethylaminobenzamido}-

1-carbomethoxycyclopentane by the Mixed Carbonic Anhydride 

Method. Attempts to prepare the desired compound by this 

method failed. In each case, however, there was isolated 

in good yield a compound whose properties, infrared spec­

trum, and elemental analysis strongly suggest it to be a 

£-dimethylaminobenzoic-carbonic anhydride. The procedure 

which was followed is a modification of the mixed anhydride 

method described by Vaughan and Osato (60) for the general 

preparation of peptides. A solution of 4.12 g. (0.025 m.) 

of £-dimethylaminobenzoic acid and 2.55 g. (0.025 m.) of 

triethylamine in 50 ml. of tetrahydrofuran was cooled to 

-5° in an ice-salt bath. This solution was shaken inter-

mittently while 2.7 g. (0.025 m.) of ethyl chlorocarbonate 

was added dropwise. Thirty minutes after the addition was 

completed, the solution was filtered to remove triethyl­

amine hydrochloride. The filtrate was added in one portion 

to a stirred ice cold solution of 4.5 g. (0.025 m.) of 

1-amino-1-carbomethoxycyclopentane hydrochloride and· 2.55 g. 

(0.025 m.) of triethylamine in 100 ml. of chloroform. The 

reaction mixture was stirred for 2 hrs. in an ice bath and 

then was allowed to stand overnight at room temperature. 

The solution was evaporated to dryness under reduced pres-

· sure, and the residue was washed with dilute hydrochloric 

acid to remove unreacted starting materials and triethyl­

amine hydrochloride. The solid which remained was not the 
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desired product, but, from all evidences, appeared to be a 

mixed carbonic anhydride of £-dimethylaminobenzoic acid. 

An alternative procedure was tried which differs from 

the first method only in the solvent medium. The chloro­

form-triethylamine solution of 1-amino-1-carbomethoxy­

cyclopentane hydrochloride was replaced by a solution of 

4.5 g. of the amine ester hydrochloride and 2.0 g. (0.05 m) 

of sodium hydroxide in 30 ml. of water. The use of aqueous 

solutions in the mixed anhydride method has been described 

by Rinderknecht et al. (61). The reaction mixture was 

worked up exactly as described previously. The material 

isolated was identical with that from the first procedure. 

A pure sample of the isolated solid was obtained by 

recrystallization from aqueous acetone. It has a melting 

point of 57-59°. It is insoluble in dilute acid or base 

but is very soluble in ether. The infrared spectrum of 

this compound displays carbonyl peaks at 5.55 microns 
-1 -1 (1802 em ) and 5.77 microns (1733 em ). The presence of 

two carbonyl peaks which are separated by 60 to 70 cm-l is 

characteristic of an anhydride structure (49). When 

concentrated hydrochloric acid was added to a sample of 

the compound in question, a vigorous and immediate evolu­

tion of gas occurred. The mixture was evaporated to dry­

ness, and the residue was washed with ether and then 

recrystallized from 951a ethanol. The compound so obtained 

·was proven to be identical with authentic £-dimethylamino­

benzoic acid by comparison of the infrared spectra (identi-
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cal) and by a mixture melting point (no depression) of the 

two compounds. The elemental analysis of the isolated 

anhydride supports the mixed carbonic anhydride structure 

assigned to it. 

Analysis: 

Calcd. for C12Hl5N04: C: 60.77� H: 6.33� 

Found: 61.23 6.70 

1-(p-Dimethylaminobenzamido)-1-carbomethoxycyclopen­

tane. Dicyclohexylcarbodiimide Method. A modification of 

the procedure described by Diehl et al.(62) for the general 

preparation of peptides was employed. To a vigorously 

stirred suspension of 9.0 g. (0.05 m.) of 1-amino-1-carbo­

methoxycyclopentane in 500 ml. of dichloromethane were 

added successively 5.1 ml. (0.05 m.) of triethylamine, 

8.25 g. (0.05 m.) of E-dimethylaminobenzoic acid and 10.5 

g. (0.055 m.) of dicyclohexylcarbodiimide. The reaction 

mixture was then stirred for 48 hrs. at room temperature. 

At the end of the reaction period, the suspension was 

filtered to remove dicyclohexylurea, and the filtrate was 

evaporated to dryness. The residue was washed with several 

portions of 1 N hydrochloric acid, and the acid solutions 

were combined, decolorized with charcoal, and filtered. 

The filtrate was made distinctly alkaline with 2 N sodium 

hydroxide, and the resulting precipitate was collected on 

·a Buchner funnel and washed well with water. Recrystalli­

zation from 50� ethanol afforded 9.5 g. (65�) of product 
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melting at 154.5-156°. The infrared spectrum displays both 
an ester and an amide carbonyl band. 

Analysis: 

Calcd. for c16H22N2o3: C: 66.21% H: 7.59% N: 9.65% 

Found: 66.10 9.60 
The hydrochloride was prepared from an ether solution of the 

base by bubbling in hydrogen chloride gas. It melts at 

188.5-191.5° dec. 

Analysis: 

Found: 

1-(p-Dimethylaminobenzamido)-1-hydroxymethylcyclopen­

�· The procedure used for the preparation of l-benzami­

do-1-hydroxymethylcyclopentane was followed. Treatment of 

5.5 g. (0.02 m.) of 1-(£-dimethylaminobenzamido)-1-carbo­

methoxycyclopentane with 1.1 g. of potassium borohydride 

and 1.2 g. of lithium chloride in 50 ml. of tetrahydro­

furan afforded 4.1 g. (�2%) of product. After recrystal­

lization from 50% ethanol and then benzene-petroleum ether, 
0 

a pure sample melting at 133-134.5 was obtained. The 

infrared spectrum displays no absorption band in the ester 

carbonyl region. 

Analysis: 

Calcd. for C15H22N202: 

Found: 

C: 68.70% H: 8.39% N: 10.67% 

68.80 8.72 10.81 

The hydrochloride was prepared from an ethanol-ether solu-
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tion of the base by bubbling in hydrogen chloride gas. 

After recrystallization from ethanol-ether, it melted at 

160-162
°

. 

Analysis: 

Calcd. for c15H23c1N2o2: 

Found: 

N: 9.38% 

9.21 

1-Amino-1-cyclopentylmethyl p-Dimethylaminobenzoate 

Dihydrochloride by N - 0 Acyl Migr�tion. The method 

employed is essentially that described for the preparation 

of 1-amino-1-cyclopentylmethyl benzoate hydrochloride. Two 

grams (0.008 m.) of 1-(£-dimethylaminobenzamido)-1-hydroxy­

methylcyclopentane was dissolved in 35 ml. of absolute 

ethanol. The solution was saturated with hydrogen chloride 

gas .and allowed to stand at room temperature for 20 hrs. 

Purified ether was added to precipitate a compound melting 

at 227-232° dec. The material was recrystallized from 

ethanol-ether to give a pure compound melting at 240-
o 241.5 • The infrared spectrum confirms the occurrence of 

nitrogen to oxygen acyl migration. 

Analysis: 

Calcd. for C15H24Cl2N202: N: 8.36% 

Found: 8.21 

\ 1-(p-Dimethylaminobenzamido)-1-hydroxymethylcyclopen-

tane by 0 - N Acyl Migration. The procedure used is the 

same as that described for the conversion of 1-amino-1-
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cyclopentylmethyl benzoate hydrochloride to the corres­

ponding alcohol. Treatment of an aqueous solution of 

1-amino-1-cyclopentylmethyl £-dimethylaminobenzoate dihydro­

chloride with 1 N sodium hydroxide afforded a compound 
0 

which melted at 132-134 • This compound was shown to be 

identical with authentic 1-(E-dimethylaminobenzamido)-1-

hydroxymethylcyclopentane (page 82) by comparison of their 

infrared spectra (identical) and determination of a mixture 

melting point (no depression). 

2-(p-Dimethylaminophenyl)-2-oxazoline-4-spirocyclo­

pentane (2-(p-Dimethylaminophenyl)-3-oxa-l-azaspiro(4.4)­

non-l-ene). The procedure described for the preparation 

of 2-phenyl-2-oxazoline-4-spirocyclopentane by Method I 

was followed. Two grams (0.076 m.) of 1-(E-dimethylamino­

benzamido)-1-hydroxymethylcyclopentane was treated with 

10 ml. of benzene and 30 ml. of thionyl chloride. Upon 

addition of purified ether to the reaction mixture, a 

yellow solid precipitated (presumed to be the dihydrochlo• 

ride of the oxazoline) and was immediately dissolved in 

10 ml. of water. The solution was decolorized with char­

coal, filtered, and made alkaline with 1 N sodium hydro­

xide. The solid which precipitated was collected on a 

sintered glass funnel, washed well with water, and recrys-

\ tallized from aqueous acetone. There was obtained 1.85 g. 

· ,(82?t) of product melting at 108-110°. The infrared spec­

trum possesses the characteristic imine band at 6.10 
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Analysis: 

Calcd. for c15H 20N20: 

·Found: 

85 

C: 73.77� H: 8.88� N: 11.47� 

73.93 M 

73.82 M 

8.42 M 

8.31 M 

11.67 M 

11.24 

Attempts to prepare the dihydrochloride led only to a pro­

duct having an indefinite melting point. No further 

attempts were made to characterize this material. 
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Preparation of the 

1-Methylpiperidine Series of 4-Spiro-2-aryl-2-oxazolines 

Common Intermediates 

1-Methylpiperidine-4-spiro-51-hydantoin (8-Methyl-

1,),8-triazaspiro(4. 5)decane-2,4-dione). The procedure 

86 

is essentially the same as that given for the preparation 

of hydantoin-5-spirocyclopentane (page 44). A solution 

of 160 g. (1. 4 m.) of N-methyl-4-piperidone, 395 g. of 

ammonium carbonate, and 182 g. of potassium cyanide in 

3500 ml. of 60� ethanol was stirred for 8 hrs. at a temper­

ature of 60-65°. After 4 hrs. an additional 100 g. of 

ammonium carbonate and 40 g. of potassium cyanide were 

added to the reaction mixture. At the end of the reaction 

period the solution was permitted to evaporate to about 

one half its volume and then was refrigerated 12 hrs. The 

solid which precipitated was collected on a Buchner funnel 

and suspended in approximately )00 ml. of water. The 

suspension was stirred vigorously for 10-15 min. and then 

filtered. The solid which was collected was washed with 

an additional 100 ml. of water and air dried overnight. 

There was obtained 147 g. (56�) of product. An analytical 

sample, which was obtained after two recrystallizations 
' 0 
\ from 95� ethanol, melted at 280-282 dec. (sealed tube) 

(lit. 254-256
° 

( 63)). No explanation can be offered for 

the difference in the melting point of this material and 
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the melting point reported in the literature. The value 

of 280-282° was observed with samples from several reaction 

mixtures. 

Analysis: 

Calcd. for C8H13N302: 

Found: 51.92 6.87 22.94 

4-Amino-1-methylpiperidine-4-carboxylic Acid. Method I. 

Acid Hydrolysis. The method employed is a modification of 

the procedure for the preparation of 1-aminocyclopentane-

1-carboxylic acid (page 44), A solution of 100 g. (0.55 m.) 

of 1-methylpiperidine-4-spiro-5'-hydantoin in 275 g. of 

60� sulfuric acid was refluxed with stirring for 120 hrs. 

After cooling to room temperature, the reaction mixture 

was made distinctly alkaline by addition of an aqueous 

solution of barium hydroxide in portions. The mixture was 

filtered several times during the neutralization to remove 

the precipitated barium sulfate. After an excess of barium 

hydroxide had been added, the mixture was gently boiled 

with stirring for 30 min. to remove the ammonia which had 

formed as a by-product of the hydrolysis and to digest 

the barium sulfate precipitate. The mixture was cooled 

and filtered. The filtrate was treated with dilute sul­

furic acid until no more barium sulfate precipitated, 

gently boiled for 30 min., and filtered. The clear fil­

trate was evaporated to one third its volume under reduced 

pressure. Samples of this concentrated solution were tested 
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for the presence of barium and sulfate ions with dilute 

solutions of sulfuric acid and barium chloride. The 

concentrated filtrate then was treated as needed with 

88 

dilute sulfuric acid or barium hydroxide solution until it 

was free of both barium and sulfate ions. It was then 

evaporated to dryness under reduced pressure. The residue 

was dissolved in a 1:1 mixture of methanol and ethanol, 

and the resulting solution was filtered. The filtrate was 

evaporated to dryness to yield 64 g. (74 �) of amino acid. 

An analytical sample melting at 275-276° dec. (sealed tube) 

was obtained after two recrystallizations from 95� ethanol. 

The infrared spectrum shows typical amino acid absorption. 

Strong absorption between 3.0 and 4.0 microns (333 0 and 

2500 cm-1) corresponding to the ammonium group is present. 

Also, strong absorption occurs between 5.9 and 6.7 microns 

(1700 and 1490 cm-1) corresponding to the carboxylate group. 

Analysis: 

Calcd. for c7H14N202: 

Found: 

C: 53.15% H: 8.92% N: 17.71% 

9.01 M 17.36 M 
17.74 

Method II. Alkaline Hydrolysis. To a hot, stirred 

suspension of 90 g. of barium hydroxide in 90 ml. of water 

was added in portions 18 g. (0.1 m.) of 1-methylpiperidine-

4-spiro-5'-hydantoin. The mixture was refluxed for 72 hrs, 

cooled, and filtered. The filtrate was treated with 20% 

'sulfuric acid until no more barium sulfate precipitated. 

The filtrate was then boiled gently �or 30 mi�and filtered. 
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Samples of this filtrate were tested for the presence of 

barium and sulfate ions, and the filtrate was treated as 

needed with dilute solutions of sulfuric acid or barium 

hydroxide until it was free of barium and sulfate ions. 

The solution was evaporated to dryness under reduced pres­

sure to give 12.5 g. {80�) of amino acid melting at 274-

2750 dec. (sealed tube). The infrared spectrum of this 

product is identical with that of the product from 

Method I. 

4-Amino-4-carbomethoxy-1-methylpiperidine. The proce­

dure is essentially the same as that for the preparation of 

1-amino-1-carbometb�xycyclopentane hydrochloride {page 45). 

A suspension of 55 g. (0.35 m.) of 4-amino-1-methylpiperi­

dine-4-carboxylic acid in 1200 ml. of methanol was satura­

ted with hydrogen chloride gas and refluxed for 6 hrs. to 

afford 83 g. (97�) of the ester dihydrochloride. The 

melting range of this material was very wide and repeated 

recrystallizations did not narrow the range appreciably. 

This wide melting range is most probably due to the pres­

ence of small amounts of both unreacted amino acid and the 

monohydrochloride of the ester. The infrared spectrum 

possesses a peak at 5.77 microns (1733 cm-1) which is 

characteristic of an ester carbonyl group. The ester was 

not further characterized as its dihydrocbloride. 

The free base was prepared by addition of triethylamine 

to a suspension of the finely divided dihydrochloride in 

dichlorometbane. After addition of the triethylamine, the 
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suspension was filtered to remove any unreacted amino acid 

present and then was evaporated to dryness under reduced 

pressure. The residue was washed with ether, and the 

resulting ether solution was filtered. The ether and any 

excess triethylamine were removed on a rotatory evaporator 

at a temperature of 50° to afford the liquid amino ester. 

The procedure of washing with ether, filtering, et cet. 

was repeated once to insure the purity of the amino ester. 

The infrared spectrum (nujol} of the liquid displays the 

characteristic ester carbonyl band at 5.76 microns. An 

analytical sample was dried in a vacuum desiccator over 

calcium chloride for 48 hrs. 

Analysis: 

Calcd. for C8H16N202: 

Found: 

N: 16.27% 

15.85 

4-Amino-4-hydroxymethyl-1-methylpiperidine. The pro­

cedure for the preparation of 1-benzamido-1-hydroxymethyl­

cyclopentane (page 49) was followed with some modification. 

A mixture of 1.0 g. (0.04 m.) of 4-amino-4-carbomethoxy-1-

methylpiperidine, 2.7 g. (0.05 m.) of potassium borohydride, 

and ).0 g. (0.07 m.) of lithium chloride in 100 ml. of 

tetrahydrofuran was refluxed for 12 hrs. Upon cooling to 

room temperature, the mixture was treated with 10 ml. of 

water and stirred for 8 hrs. To insure the complete decom-

position of the reduction complex (see page 40), concen­

trated hydrochloric acid was added cautiously until the 
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mixture was distinctly acid. The mixture was stirred under 

0 

a condenser at 60 for 8 hrs., cooled, and made distinctly 

alkaline with 20% sodium hydroxide solution. The tetra-

hydrofuran layer was removed, and the water layer was 

extracted several times with tetrahydrofuran. The original 

tetrahydrofuran layer and the extracts were combined, dried 

over anhydrous sodium sulfate, and filtered. The filtrate 

was evaporated to dryness on a rotatory evaporator. The 

viscous liquid which remained solidified upon addition of 

ether. The solid was collected on a filter, washed with 

ether, and recrystallized from benzene to afford 3.9 g. 

(58%) of product melting at 145-146.5°. The infrared spec-

-1 
trum displays absorption maxima at 2.93 microns (3413 em ), 

3.07 microns (3257 cm-1
) and 6.07 microns (1647 cm-1). 

There is no absorption in the ester carbonyl region of the 

spe ctrum. 

Analysis: 

Ca1cd. for C7H16N20: 

Found: 

C: 5a.30% H: 11.18% N: 19.43% 

58.94 9.75 19.26 
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1'-Methyl-2-phenyl-2-oxazoline-4-spiro-4'-piperidine 

Attempted Preparation of 4-Benzamido-4-carbomethoxy-1-

methylpiperidine. Benzoyl chloride (9.5 ml.) was added 

dropwise over a two hour period to a cold, vigorously 

stirred solution of 20 g. (0.08 m.) of 4-amino-4-carbo­

methoxy-1-methylpiperidine dihydrochloride anrl 20 g. of 

monohydrated sodium carbonate (0.16 m.) in 45 ml. of water. 

A white solid began to precipitate almost immediately upon 

addition of the benzoyl chloride. The reaction mixture 

was stirred for 2 hrs. after the addition was completed 

and then was diluted with SO ml. of water and filtered. 

The white solid which was collected was washed well with 

water and air dried. This material was shown to be benzoic 

anhydride instead of the expected product. The material 

is insoluble in dilute acid or base but is soluble in ether. 

It melts at 40-42°(lit. value for benzoic anhydride is 

42° (64)). The infrared spectrum is essentially identical 

with that of an authentic sample of benzoic anhydride. 

Acid hydrolysis of a 0.469 g. sample of the material 

yielded 0.429 g. of benzoic acid. This amount is more 

than twice the theoretical amount (0.207 g.) of benzoic 

acid which the sample would yield if it were the benzamide 

of 4-amino-4-carbomethoxy-1-methylpiperidine. This quanti­

ty is only slightly less than the theoretical amount 

(0.504 g.) which the sample would yield if it were benzoic 

anhydride. 
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The same procedure was repeated several times using 

freshly distilled benzoyl chloride. Sodium bicarbonate and 

sodium hydroxide were each trled in place of sodium carbo­

nate. One attempt was made a.t room temperature with sodium 

hydroxide as the base. The results were the same in each 

case; benzoic anhydride formed instead of the desired prod-

uct. 

4-Benzamido-4-carbomethoxy-1-methylpiperidine. A 

solution of 2.8 g. of benzoyl chloride in 30 ml. of 

dichloromethnne was added dropwise over a two hour period 

to a vigorously stirred solution of 3.4 g. (0.02 m.) of 

4-amino-4-carbomethoxy-1-methylpiperidine and 2 • .5 g. 

(0.02.5 m.) of triethylamine in 1.50 ml. of dichloromethane. 

The solution was stirred for 12 hrs. at room temperature 

after the addition was completed. Tt was then evaporated 

to dryness under reduced pressure. The residue was washed 

several times with benzene, and the benzene solutions were 

combined and evaporated to dryness under reduced pressure. 

There remained a gum which solidified upon addition of 

ether. The solid was collected on a Buchner funnel, washed 

with more ether, and recrystallized from benzene-petro­

leum ether to afford 1.3.5 g. (24�) of product melting at 

127-128 • .5°. The infrared spectrum displays absorption 

bands at 2.98 microns (33.5.5 cm
-1

) corresponding to an NH 

-1 
group, at .5.7.5 microns (1739 em ) corresponding to an 

ester carbonyl group, and at 6.09 microns (1642 cm-1) 
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corresponding to an amide carbonyl group. 

Analysis: 

Calcd. for c15H20N2o3: 

Found: 

N: 10.147& 

9.93 

94 

4-Benzamldo-4-hydroxymethyl-1-methylpiperidine from 

4-Amino-4-hydroxymethyl-1-methylpiperidine. A mixture of 

35 ml. of chloroform and a solution of 3.0 g. (0.02 m.) of 

4-amino-4-hydroxymethyl-1-methylpiperidine and 1.0 g. of so­

dium hydroxide in 25 ml. of water was stirred vigorOusly at 

room temperatl�e while a solution of 2.8 g. of benzoyl 

chloride in 15 ml. of chloroform was added dropwise over 

a two hour period. The reaction mixture was stirred for 

12 hrs. after the addition was completed. The ohloro-

form layer was removed, and the water layer was extracted 

several times with chloroform. These extracts and the 

original chloroform layer were combined and evaporated to 

dryness in a stream of air. The solid residue was washed 

consecutively with ether and water, air dried, and recrys­

tallized from tetrahydrofuran-acetone to give 2.0 g. (40%) 
0 

of product melting at 196-198 dec. The infrared spectrum 

possesses a sharp NH peak at 3.0 microns (3333 cm-1), an 

-1 OH peak at 3.12 microns (3205 em ), and an amide carbonyl 

peak at 6.09 microns (1642 cm-1). 

Ana.lya1az 

Calcd. for Cli.J.H20N202: 

Found: 

N: 11.28� 

11.14 
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4-Benzamido-4-hydroxymethyl-1-methylpiperidine from 

4-Benzamido-4-carbomethoxy-1-methylpiperidine. This proce­

dure is a modification of that given for the preparation of 

1-benzamido-1-hydroxymethylcyclopentane (page 49). A 

mixture of 4.0 g. (0.014 m.) of 4-benzamido-4-carbomethoxy-

1-methylpiperidine, 0.75 g. (0.014 m.) of potassium bora­

hydride, and 0.9 g. ( 0.02 m. ) of lithium chloride in 40 

ml. of tetrahydrofuran was refluxed for 12 hrs. The mix-

ture was cooled to room temperature, treated with 7 ml. of 

water and stirred for 6 hrs. Sufficient concentrated hydro­

chloric acid was then added in portions to make the mixture 

distinctly acid. The mixture was stirred for 4 hrs. at a 

temperature of 50°. Sufficient 20% sodium hydroxide solu-

tion was then added to make the mixture distinctly alka­

line. The tetrahydrofuran layer was separated from the 

water layer which was then extracted once with tetrahydro-

furan and twice with dichloromethane. The extracts and 

the original tetrahydrofuran layer were combined and evapo­

rated to dryness in a current of air. The residue was 

washed successively with ether and water and then was air· 

dried. It was recrystallized from tetrahydrofuran-acetone 
. 

0 
to afford 3.0 g. (86%) of product melting at 196-198 dec. 

The infrared spectra (identical) and mixture melting point 

(no depression) confirm the identity of this material with 

that obtained from the benzoylation of the amino alcohol. 
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1'-Methyl-2-phenyl-2-oxazoline-4-spiro-4'-piperldine 

(8-Methyl-2-phenyl-3-oxa-1,8-diazaspiro(4.5) dec-l-ene). 

The procedure for the preparation by Method I of 2-phenyl-

2-oxazoline-4-spirocyclopentane {page 51) was followed. 

One half gram (0.002 m.) of 4-benzamido-4-hydroxymethyl-1-

methylpiperidine in 3 ml. of benzene was treated with 8 ml. 

of thionyl chloride. After standing at room temperature 

for 24 hrs., the mixt1�e was poured into 150 ml. of puri­

fied ether. The white solid which precipitated (presumed 

to be the oxazoline dihydrochloride) was immediately 

dissolved in 10 ml. of water. The resulting solution was 

made distinctly alkaline with 1 N sodium hydroxide and 

extracted 4 times with ether. The ether extracts were 

combined and evaporated to dryness in a stream of air. The 

residue was recrystallized from petroleum ether to give 
0 

300 mg (65�) of product melting at 85-86 • The infrared 
-1 

spectrum displays a sharp peak at 6.05 microns (1653 em ) 

corresponding to the imine group (C=N) of the oxazoline 

ring. 

Analysis: 

Calcd. for c14H18N20: 

Found: 

C: 73.01� H: 7.88% N: 12.16� 

72.51 M 8 .26 M 

No attempt was made to prepare the dihydrochlor1de of 

the oxazol1ne. 
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1'-Methyl-2-(p-methylphenyl}-2-oxazoline-4-spiro-4'-piperi­

dine 
-

4-(p-Methylbenzamido)-4-hydroxymethyl-1-methylpiperi­

�· The procedure given for the preparation of 4-benza­

mido-4-hydroxymethyl-1-methylpiperidine from 4-amino-4-

hydroxymethyl-1-methylpiperidine was followed. Treatment 

of 3.0 g. (0.02 m.} of 4-amino-4-hydroxymethyl-1-methyl­

piperidine with 3.1 g. of E-methylbenzoyl chloride and 1.0 

g. of sodium hydroxide in a water-chloroform medium 

afforded, after recrystallization from tetrahydrofuran­

acetone, 1.8 g. (35�} of product melting at 183-184.5°. 

The infrared spectrum displays an NH absorption band at 

2.98 microns (3356 cm-1} and an amide carbonyl band at 
-1 

6.10 microns (1640 em ) . 

Analysis: 

Calcd. for C15H22N202: 

Found: 

C: 68.67� H: 8.45� N: 10.68� 

68.90 10.44 

11-Methyl-2-(p-methylphenyl)-2-oxazoline-4-spiro-4'­

piperidine (8-Methyl-2-(p-methylphenyl}-3-oxa-1,8-diaza­

spiro(4.5}dec-l-ene). The procedure for the preparation 

of 2-phenyl-2-oxazoline-4-spirocyclopentane by Method I 

(page 51) was followed. Treatment of 0.5 g. (0.002 m.) 

of 4-(£-methylbenzamido)-4-hydroxymethyl-1-methylpiperi-

\dine in 3 ml. of benzene with 8 ml. of thionyl chloride 

yielded, after addition of 150 ml. of purified ether, the 
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oxazoline dihydrochloride. The dihydrochloride was dis­

solved in 10 ml. of water, and the resulting solution was 

made distinctly alkaline with 1 N sodium hydroxide and 

extracted 4 times with ether. These extracts were combined 

and evaporated to dryness in a stream of air. The residue 

was washed with water and recrystallized from aqueous 

acetone to give 0.35 g. (76%) of the oxazoline melting at 

112.5-114°. The infrared spectrum possesses the character­

istic imine band at 6.04 microns (1656 cm
-1

) . 

Analysis: 

Calcd. for C15H20N20: 

Found: 73.47 M 7.97 M 11.34' 
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SUMMARY 

1. Practical synthetic routes ware esteblishad in 

the present work for the preparation of 4-spiro-2-

aryl-2-oxazolines, 

2. The following new compounds were synthesized as 

potential antitussive and/or mediclnal agents: 

a, 2-phenyl-2-oxazolina-4-spirocyclopantana 

99 

b. 2-(£-chlorophenyl)-2-oxazoline-4-spirocyclo­

pantane 

c. 2-(£-mothylphenyl)-2-oxazoline-4-spirocyclo­

pentane 

d. 2-(£-nitrophenyl)-2-oxazoline-4-spirocyclo­

pentene 

e. 2-(£-ethoxyphenyl)-2-oxazoline-4-spirocyclo­

pentane 

f. 2-(£-dimethylamlnophenyl)-2-oxazoline-4-spiro­

oyc lopent.ane 

g. 11-methyl-2-phenyl-2-oxazoline-4-spiro-4'­

piperidine 

h. 11-methyl-2-(£-methylphenyl)-2-oxazoline-4-

spiro-4'-piperidine 

). The following new compounds ware prepared either as 

intermediates in the synthesis of the cyclopentane series 

of 2-oxazoline compounds or as a means of confirming struc-
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ture assifr,Dments in this ser:les: 

a. 1-benza mido-, b. 1-(.]2-Chlorobenzamido)-, 

c. l-(J2.- methylbenzamido)-, d. 1-(£-nitrobenzamido)-, 

e. 1-(.E.-ethoxybenzamldo)-, and f. 1-(.E.-dimethyl­

aminobenzamido)-1-carbomethoxycyclopentane; 

a. 1-benzamldo-, b. 1-(.E.-chlorobenzamido)-, 

c. 1-(£-methylbenzamido)-, d. 1-(.E.-nitrobenzamido)-, 

e. 1-(.E.-ethoxybenzamido)-, and f. 1-(£-dimethyl­

aminobenzamido) -1 - hydro.x.ymethylcyc lopen tane; 

the hydrochlorides of 1-amino-1-cyclopentyl­

methyl a. benzoate, b • .12.-chlorobenzoate, c • .E.­

methylbenzoate, d. .E.-nitrobenzoate, e. .E.-ethoxy­

benzoate, and f. .E.-dimethylaminobenzoate; 

a. 1-benzamido-, b. 1-(.E.-chlorobenzamido)-, 

c. 1-(p-methylbenzamido)-, d. 1-(.E.-nitrobenzamido)-, 

and e. 1-(E-ethoxybenzamido)-1-chloromethylcyclo-

pentane. 

The following new compounds were prepared as 

intermediates in th� synthesis of the 1-methyl­

piperidine series of 2-oxazoline compounds: 

a. 4-amino-1-methylpiperidine-4-carboxylic acid 

b. 4-amino-L�-carbomethoxy-1-me thylpiperidine 

o. 4•amino-4-hydroxymethyl-l-methyl�1per1d1ne 

d. 4-benzamido-4-carbomethoxy-1-methylpiperidine 
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e. 4-benzamido-h-hydro:xymethyl-1-methyl­

piperidine 

r. 4-(£-methylbenzamido)-4-hydro:xymethyl-1-
metnylpiper:tdine. 

101 
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ABS'rRACT OF 

THE SYNTHESIS OF 4-SPTR0-2-ARYLOXAZOLIN��S OF' POTENTIAL 

PHARMJ\COLOIHCAL INTEREST 

BY 

1 

Paul Waddell Collins, Departmont of Chemistry and Pharma­

ceutical Chemistry, Medical College of Virginia, June 1966 

Numerous and diverse physiological actions are found 

among 2-oxazoline compounds. No reports of the synthesis 

or biological testing of 4-spiro-2-aryl-2-oxazolines were 

found in the literature. On the basis of the known phar­

macological activities of certain aza- and diazaspirans, 

it was felt that 4-spiro-2-aryl-2-oxazolines should possess 

medicinal activity. In particular, it was reasoned that 

the combination in a bicyclic spiro structure of the 

2-oxazoline ring with rings systems commonly found in 

synthetic antitussive compounds might result in active 

antitussive agents. 

The aim of this research was the synthesis of a series· 

of 2-aryl-2-oxazoline-4-spirocyclopentanes and a series of 

1'-methyl-2-aryl-2-oxazoline-4-spiro-41-piperidines. Six 

members were to be prepared in each series in which the 

aryl group represents respectively, a phenyl, a £-Chloro, 

_£-methyl, _R-n�tro, ,2-ethoxy, and £-dimethylaminophenyl 

radicalo 

With the exception of the £-dimethylamino derivative, 

acylation of 1-aminocyclopentane-1-cArboxylic acid gave 
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the correspondin g amido acids, the methyl esters of which 

were reduced with lithium borohydride to the corresponding 

amide-alcohols. Dicyclohexylcarbodiimide was employed to 

produce 1-(E,-dimethylaminohenzamido)-1-carbomethoxy­

cyclopentane from E,-dimethylaminobenzoic acid and 1-amino-

1-carbomethoxycyclopentane after unsuccessful attempts to 

prepare it by the mixed carbonic anhydride method. Each 

amide-alcohol, on treatment with hydrogen chloride in 

chloroform, rearranged by N to 0 acyl migra t:lon to the 

corresponding 1-amino-1-cyclopentylmethyl E.-substituted 

benzoate hydrochloride. On treatment with base these 

compounds rearranged to the ori�inal amide-alcohols by 

0 to N acyl migration. This sequence of reactions con­

firmed the structure of the amide-alcohols. 

Treatment of each amide-alcohol with thionyl chloride 

afforded the correspondinr, 2-aryl-2-oxazoline-4-spiro­

cyclopentanes in good yields. The structure of these 

compounds was confirmed in each case by the infrared 

spectra and elemental analyses of the oxazoline and/or 

its hydrochloride. Futhermore, the structure of 2-(E,-

e thoxyphenyl) -2-oxazoline-t�-sp:lrocyclopentane was c·on­

firmed by a proton magnetic resonance spectrum. 

Each oxazoline compound ( except the E,-dimethylamlno­

derivative) was converted to the corresponding 1-(E,­

substitutedbenzamido)-1-chloromethylcyclopentane by 

treatment with a saturated solution of hydrogen chloride 

in dioxane. Each chloroamide compound ( e xcept the E.­

nitro derivative} was converted to the corresponding 
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oxazoline by treatment with alkali in order to provide 

further evidence for the oxazoline structure of the 

products isolated from the thionyl chloride reactions. 

1�-Amino-l-mothylpiporidine-1-J--carboxylic acid was 

obtained by both ac:ld and alkAline hydrolysis of the 

correspondinr:; hydantoin. 4-Amino-l_�-hydroxymethyl-l­

methylpiperidine, wh:l.ch was obtained by the reduction 

3 

of 4-amino-1_�-carbomethoxy-1-methylpiperidine with lithium 

borohydride, was treated with benzoyl chloride and E­

methylbenzoyl chloride to give respectively, 4-benzamido-

4-hydroxymethyl-l-methylpiperidine and 4-(£-methyl­

benzamido)-4-hydroxymethyl-l-methylpiperidine. 4-Benza­

mido-l_�-hydroxymethyl-1-methylpiperidine was also obtained 

by the reduction with lithium borohydride of 4-benzamido-

4-car�omethoxy-1-methylpiperidine which was prepared by 

benzoyla tion of 4-amino-t�-ce.rbomethoxy-l-methylpiperidine. 

l'-Methyl-2-phenyl- and 11-methyl-2-(£-methylphenyl)-2-

oxazoline-4-apiro-4'-piperidine were prepared by treat­

ment of the corresponding amido-alcohols with thionyl 

chloride. 
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